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PREFACE. 



Amongst the various branches of science studied in 
our academies, and places of public education, there 
are few of greater importance than that of the Use of 
the Globes. The earth is our destined habitation, and 
the heavenly bodies measure our days and years by 
their various revolutions. Without some acquaint- 
ance with the different tracts of land, the oceans, seas, 
&c. on the terrestrial globe, no intercourse coiild be 
carried on with the inhabitants of distant regions ; and, 
consequently, their manners, customs, &c. would bo 
totally unknown to us. Though the different tracts of 
land. Sec. cannot be so minutely described on the sur- 
O face of a terrestrial globe as on different maps ; yet 
■^ the globe shews the figure of the earth, and the rela- 
i^ tive situations of the principal places on its surface, 
^ more correctly than a map. Had the ancients paid no 
) attention to the motions of the heavenly bodies, his- 
^ torical facts would have been giv^ without dates, and 
^we should have had neither dials, clocks, nor watch- 
(^es. To the celestial observations of Eudoxus, Hip- 
parchus, &c. we are indebted for the knowledge of the 
precession of the equinoxes. Without some acquaint- 
ance with the celestial bodies, our ideas of the power 
and wisdom of the Creator would be greatly circum- 
scribed and confined* The learned and pious Dr. 
Watts observes, " What wonders of wisdom are seen 
in the exact regularity of the revolutions of the heaven- 
ly bodies ! nor was there ever any thing that has cou" 
tributed to enlarge my apprehensions of the immense 
power of God, the magnificence of his creation, and 
his own transcendent grandeur, so much as the little 
portion of astronomy which I have been able to attain. 
And I would not only recommend it to young stu* 
dents, for the same purposes^ but I would persuade 
all mankind, if it were possible, to gain some degree 
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of acqaaintance widi the vastness, die dntances, and 
^e motions of the planetary wcnids, on the same ac* 
count.'* 

Dr. Young, in his Night Thoughts, says, 

^^ An undevoat aBtronon&er is mad*" 

There is scarely a writer on the different branches 
of education who has not expressly recommended the 
study of the globes* Milton observes, that^^ Ere half 
the school-authors be read, it will be seasonable for 
youth to learn the use of the globes**' Yet, notwith* 
standing the importance of the subject, it is entirely ne* 
glected in our public schools : and in many of our 
private academies, it has been frequently imperfecdy 
Caught ; probably, for wtot of a treatise sufficiently 
comprehensive in its object, and illustrated by a suita* 
' ble number of examples.^ 

rhereare several treatises on the globes extant, but 
they have been chiefly written by mathematical instru- 
ment makers,'*!' or by teachers unacquainted with mathe-* 
matics. The works of the former must be defective, 
for want of practice in the art of teaching ; and ieasaiy 
of the productions of the latter are too puerile and 
trifling to be introduced into a respectable academy. 
Youth learn nothing effectually but by freq\ient repeti- 
(^ tion ; a multiplicity of examples, therefore, becomes 

absolutely necessary ; but these examples should be $q 
varied, and the mode of proposing the questions, 90 
diversified as to give the scholar room for the exertion 
of his faculties, or otherwise no impression will re- 
main on his mind. Treatises on the globes are gene- 
rally either without any practical exercises, or the ex- 
ercises so similar, that when the pupil has finished one 
of them, the rest may be performed without the trou- 
ble of thinking. Examples of this kind may serve to 
pass away the time, but they will never instruct the 
scholar. 

* The addition of a few wires, a semicircle of brass, a particular 
kind of hour circle, &<;» which are of no other use on the globe 
than to enhance the price thereof, has g-eneralty been a sufficient 
inducement for the instrument maker to publish a treatise explana- 
tory of the use of such addition. 
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■■ "Had anjr mathematkd writer of note foraiahed the 
stodeBt with a treatise on die globes, the feUowmg 
work would probably have never appeared ; but it 
rarely happens diat the man of science, whose whole 
time is employed in abstruse researches, will stoop to 
the humble task of accommedaring himself to the ca« 
pacity of a learner. To a man in the habit of con- 
teinplating the writings of a Newton, or travelling in 
Ae dry and difficult paths of abstract knowledge, a 
treatise on the globes is a mere play-thing, a trifle not 
worth notice ; as at one glance he sees and compre- 
hends every problem that can be performed by them. 
Such a man wotdd acquire no credit by* writing m 
Treatise on the Globes ; for, notwithstanding the util» 
ity of the subject, it» simplicity would leave no roonfi 
ibr him to display his abilities ; the task, therefore^ 
necessarily devolves on writers of a more humble rank. 

The ensuing treatise has been formed entirely froi& 
the practice of Instruction, and is arranged in die fol* 
lowing order* 

Part I. The contents of this part are enumerated 
in the first page of the work. The definitions are very 
extensive, and, it is hoped, sufficiendy plain and 
dear. Where the name of any ancient author occurs, 
the time in which he flourished, and his country, are 
generally mentioned in a note ; this practice is follow- 
ed throughout the book. The table of climates has 
been newly calculs^ed, and the principle of calcula- 
tion is given at full length. The first chapter likewise 
contains a table of the constellations, with the fabu- 
lous history of several of them ; the Greek alphabet, 
fcc. If the definitions, geographical theorems, &c, 
in this chapter be well explained by the tutor, it is 
presumed that the scholar will derive considerable ad- 
vantage. The second chapter contains the general 
properties of matter, and the laws of motion, as pre- 
paratory to the reading of the third and fourth chap- 
ters ; which would otherwise be less intelligible. To 
the third and fourth chapters are added some useful 
notes which ought to be attended to by those students 
who are acquainted with arithmetic. The ^fth chap- 
ter treats of springs, rivers, and the saltness of the 
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sea ; the sixth of the tides ; md the seventh of earth- 
quakes, &c. widi their effects and causes. ^ Tht eighth 
chapter contains, in a small compass, the principal 
theories of the earch. The subject of the mnth chap- 
ter is the atmosphere, and of the tenths meteorology. 
From each of these chapters, it is hoped, the student 
will derive some useful information* 

It has not been usual to introduce several of the 
aforesaid subjects into a Treatise on the Globes* An 
intelligent reader will, however, readily admit them 
to be less extraneous, equally entertaining, and more 
instructive than scraps of poetry, historical anecdotes, 
&c. with which some of our Treatises on the Globes 
abound* Poetical scraps seldom elucidate either malh^ 
em^tical or philosophical subjects, and generally di- 
vert the attention of the student from the main object 
of his pursuit. 

Part ii This part comprehends the solar system, 
and such other parts of astronomy as are absolutely 
necessary to be clearly understood by the young stu- 
dent, before he attempts to solve many of the prob- 
lems in the succeeding parts of the book* The object 
in learning the Use of the Globes should be to illus- 
trate some of the most important branches of geogra* 
pby and astronomy ; aud this object cannot be attain<;d 
by merely twirling the globe round and working a few 
problems, without understanding the principles on 
which their solutions are founded* Lessons thorough- 
ly explained and clearly understood, make a lasting 
impression on the student^s memory, and will enable 
him, not only to solve such problems as he may meet 
with in books on the Globes, but to frame several new 
probkms himself, and to solve others which he never 
heard of before. 

In the notes attached to this part of the following 
work, the distances, magnitudes, &c» of the planets 
are all accurately calculated. This laborious task the 
author would gladly have avoided, but he found the 
accounts of the distances, magnitudes, &c. of the 
planets so variable and contradictory, even in astro- 
nomical works of repute, and frequentl} in the same 
author, that he conceived such notes as he has intro- 
duced would be verv useful to the learner. 
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Part III. Contains an extensive collection of prob- 
lems ; illustrated, by a great number of useful exam- 
ples> many of which are elucidated with notes of con* 
siderable importance. 

Part iv. Comprehends a miscellaneous selection 
of Problems, Questions for the examination of. the 
student, &c. together with an extensive table of the 
latitudes and longitudes of places* This table will be 
found tq be morie correct than the generality of tables 
of a similar nature. 

To caNCLUDE* The auther apprehends that he 
has omitted nothing of importance that particularly 
relates to the subject, and he hopes, at the ssune time, 
that this work wiU be found to contain little or no ex- 
traneous matter. He has endeavoured to supply the 
young student with a Treatise on the Globes, which 
may not be unworthy of attention, as a work of sci- 
ence, yet sufficiently plain and intelligible. He is 
aware that the work would have been preferred by 
many teachers (on account of its cheapness) had all 
the matter from page 38 to 164 been left out, as it 
would then have contained the mere definitions and 
problems; yet in this state (though it would have 
been more comprehensive than almost any other Trea- 
ts e) it would certainly have been very defective. 

1805. 
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TO THX SJbCONB EPITIOK, 



From the favourable reception which the first edi* 
tion of this work has met with, the author has been 
induced to revise the whole with the greatest care. 
A new plate has been delineated, shewing the path 
of the planet Jupiter tn the zodiac, for die year 181 1, 
together with the constellations and the principal stars 
through which he passes, agreeably to their appearance 
in the Heavens. Delineations of this kind will not 
only prove amusing, but instructive to the scholar; 
they give a more correct idea of the relative situations 
of the stars than the globe, which is a convex surlace^ 
whereas the apparent surface of the heavens is con- 
cave; hence, those stars which appear towards the 
right hand on the surface of the celestial globe, wiH 
be seen on the left hand in the heavens, and the con* 
trary. 

By laying down on paper all the principal constella* 
tions from the celestial globe, as directed in problem 
CII ; rejecting such stars as are smaller than those of 
the fourth magnitude, and those constellations which 
do not come above the horizon, the young student will 
soon render the appearance of the heavens familiar to 
him. 

Norfolk-Street, Fitsroy-Squsre, 
London, 1808. 



CONTENTS. 



'^ 



■« I 



?A»T U 



^tltm OV TK» A«T<l|X#t41« M^BSlb ASUr»09OMI«4^ MtlW* 



1 TiaNS» j^C. 

^chronical^ 
Jmai!cantar8« ' .^ 

^inpMtudflb ' » 
^mphiscii^ ^ 

tn^e of Petition, 

Intipodesj 

Lpi]feit6fel| * • 



« • 



psides^ • . . .36 



Fiiges X to ^ 

37 Centfipetia Force* . ' • 37 

22 Cerberus,' *• • * i$ 

lOOetui, . s . .31 

litCentaunif) «. • • ^ 

ib.lCircifci* GMat/ • '• « 3 

19jCiPcles, SmaO, . . . i|). 

39{ciimAte add TMtB, 16 & t7 

21;Cotttres9 % *. « . 10 

l^jComAfieventcM, • . SSt 

19 Qoippass. - . , , • . 8 
ib» Con$tellation« ... 22 
36 
ib. 
1^ 



^qaiia, 

• • • • 

icensiony Right* • 

A»censioii, Oblique, . 

K^ecMioiiat Di&r«Mt, 

i^sciif • • • 

^spect of the Planetfl* 

isterion et CbATsi, «• 

^ >uri|[^ . . • 

^Azimuth, 



27 
32 
ib. 
19 



Con$telhition* • 
CottsteUattont, AtaUe of* 23 to 26 
Constettationa* liisiorical ac- 



^ziniuth* or Vlrtieal Circles* 10 
^xisofthe£arth* 

Bayer's characten of the stars* 33 
'9ikites* . . 28 

Canes Veoaticl* 
Pardiual Points* 
Cassiopeia* 
Cam^leopArdalus* 
Canis MinOr* 
Cunis Major* < 
|:elestial Globe* 

eph^tts* '. 
atniiiftfl Fotfcet 



count of^ 
Cor Caroli* » 
Oorros* ' * • . 
Corona Botealis^ 
Cosodca)* ' . ' 
CrepuscJtduiiii . 
20|Cruz, 

4b. CufaHisating Folat* 
19 Cygntis* 
35 
2a|JDaiy*Solar^ 

i^sti^noinical* 
Artificial* 
Civil, ^. 
"S^erial, . 
Peclination, 
pelphinus; 

pesctasional Difference* 
Digif, 
28 Direct* 
7|Di8c; 
Diurnal Arch* . 
Draco* 



30i 
11 



3(« 
ib. 
31 



27 to 3d 
29 
33 

2a 



Id 



12 ^P 
lb* 

. it». 

. ib. 

. ib. 

. 5 

. 28 

. 20 

. 3fi 

• 35 
. 36 
. 37 

• 29 

. 38 



J&ceentricity* 

2ficUpte* . . . . ib. 

30Kcliptic* . . « . 3 



CONTENTi* 



Equation ijf Ti^e, . 
Equinoctial Foint4« 
Equulus, . 
i£ridaDU8» . • 
JSudo^Ms (aote)i, 

Fize4St»rs, 
Force» Centrilugiil* 
,3*01X6^ Centrip^, 

Oalaxj, • 

" Geooentric) 
/Globe, Celestialy 
.Globe, Terrestrial^ 

Grea^ Cireles, . 
■Greek Alphabet, 



Page 



Nodes of* Vianet, 

^Koon, Apparent, 
a Noon, True or Mean, 

37 

31 Obliqiie A4eeaiioe» 



15 

22 
S7 
ib. 



32 



Oblique Descenaioo, * 
Occultatiop, . . • 
Orbit of a Planet, 
Orion, . . • 



Page. 

. 35 

IE 

ib. 

• P 

• . <Hi. 

• 36 
. 30; 
. 3& 



22 
36 
8 
28 
15 
19 
10 



^Heliacal, • 

lieliocentric. 

Hemisphere, . 
, Hercules, . 

• Hesiod (note), • . 
Heteroscii, , 
Hipparchns (note), . 

^Historical' Account of the Zq 

diacal Signs, . . . . 4 

, Horizon, • . . 6 and 7 

. Hour Circle and Circles, 6 knd 11 

Hydra, . ' • . . • 31 

.,l.acerta, 30 

l.atitude of a Place, . . 9 

. Latitude of a Planet or Star, ^ ib. 

Leo Minor, . . 1 27 

Lepus, . • . .32 

Line of the Apsides, ' . * 36 

; -Lines of Longitude, . . 3 

^ Longitude of a Place, . 10 

' Longitude of a Planet or Star^ ib. 

'Lynx, .' . • ., 31 

'Lyra, '. . „«».,. •^.,28 

Mariner's Compass, . . 8 

Meridians, • • •, 3 

Meridian, Brazen, . 1 2 

Meridi&n, First, . . 3 

Microscopium, • . ^ 31 

' Milky Way, . . /. 32 

. Mons Mxnalus, . • 27 

MonoceroB, • • . 31 

* Nadir, . . ' , . 8 
Nebulous Stars; . 1 33 

,N<ifctunialArch, '. .37 



Parallels of Celestial Latitude, 10 
Parallels of Declination, . lb. 
3a|Parinels of Latitude, 
2 Penisus, . . . • • . 
Penspee, • • . • 
Perihelion, « • . 
Periscii^ . ,. • • 
PftrioK!!, ' • * • » 
Perseus, . * • • 
Piscis Australis^ 
planets, *. - ... 
Pliny (note), . . . 
Poetical rising ^d setting.of 



1 

3 
34 



.6 

28 
36 
iH 
19 

3d 

34 



^ • 



the Stars, 
Points, Cardinal 
Polar Circles, • 
Polar Distance, 
Polar Star'^(note}, 
Poles* of the Earth, 
Pole of anj^ Circle, ,. 
Positions of the Sphere, 
Precession of the Equinoxes, 14 
Prime Vertical, . . 11 

Quadrant of Altitude, . 4) 



28 
f 

li 

ib. 

8 

IS 



Refraction, , , 
Retrograde, 
Rhumbs, . ' . 
Right Ascension, 
Robur Caroli, '. 

Sa^tta, . • 
Scutum Sobieski, 



'26 

?« 

21 

19 

32 

28 
27 



Serpens, . . . . . ib* 

Serpentarius, . . . ib. 

Sextans, . .31 

Six o^clock Hour Line, . 12 

Small Circles, . . • 3 
Solstitial PomU, 
Stationary, ... 



Taurus Pohiatowski* 
Trianguluin, 
Transit, '. '. 



3^ 



36 



I ^m ■ i(vf^rH««H I I ■ mirm^m^^^^m^^m^immmmt^^^m 



^ 



4SX)iiTfeirei^ j^i: 



topics/ « . ♦ » 5 



Yeary Slderial, / . #. 14> 



Twilight, ' . . , 20 Yeapy Sdjir, \ ... ib. 



Variation' of- tfatf Coili|>a88, 9 



Vertical -Ciitdes^ • . . . > 10 Zenitk I^iiUnceft H 



Via Lactea, . . • .32 



VtdpeculaetAiiaery • « • Sa Zodiacal Signs, and a msto^ 



I 



Zenith, . . . , $# 



Zodia«, .... 3> 



rical Account of them, 4 and 5 
Ursa Major, , . . 39|ff»nes, «. , ^ . 18- 

Geographical Theorems, ....... 38 

pf the General Propey|ie»of Matter and the Laws of Motioi^ 41 
Of the Figure of the Earth, audits Magnitude, . . • 51 
Of the Diurnal and Annual Motion of tUa Earth, . . 57 

Of the Origin of Springs and Rivers, and of the Saltness of the 

Sea, • . . . \r . 66 

Ofth^ Flux and Reflux of the Tides, , . ♦ . , TO* 
pfthe Natural. Changes of the Earth, caused by Moun^bsi, 

Floods; Volcanoes, and Earthquakes, . . , . il 

jpypbtheses of the Antediluvian World, and the Cause of 
;.No;ihVFlo6d, •. ..^ , ;. . . . . ; 91 
Dr. gurnet's Theory, . ' . . . ...... 92 

£r, wood worth's Theory, • , . . ' . , .94 
r. Whiston's Theory, '• . . . . , .* jb. 

puffqn's Theonr, . , . . 9r 

Jpr. Hutton's Theory, , , , ... , , 100 
Wr. Whilehurst's Theoty,, . . . . . . .102 

Qi' the Atmosphere^ Air, Winds, and HurricaneSji , ., 1Q5. 
OfV^pouri, '. t ,. . ;, . -. . . .113 

JFogs and Mists, , . . . jb.* 

giouda, . . . » , . •. . •, . . 114. 

Bew, . . . . . , ib. 

Rain, . . . . ... , . , . H5. 

:$now and Hail, . . . / Ug 

Thunder and Lightning, •. . . . • , \ ^ jj,^ 

The Falling §tar9, , , . . . . ^ ' uy. 

Of the Ignis Fat^uSf y,. 

Of the Aurora JB^alis^ . • • . . . . XIQ^ 

OftheRainbow^ > . . . , ., , . . . 1^ 



> PART 11. 

1 ^tbe Solar System^ • .• • . . . . , 124 

Of the Siiin, . ... . . v . . . ib^ 

Of Mercury, . . . *.,;.. 126 

Of Venus, . . . ^ . # »^ • , 129 

OftheEaith and the Moon, • . . . . « 131 

Of Mars, . ' . . . . • . • * I40 

Ofthe newPlanets, Ceres, PalUiB, Juno, and Vesta, . . 143 » 

Of Ji^iter and his Satellites, . . . . . • 143 

OfSatuTB, his- Sat«Uit«9«nd Ring, > » .. < . ^ . 143 



, Pag«- 

Qti Comets,. .. • .. • .,..*.• ^» Mi 
Of the EtongAtiont, &o.'Of the Interior Plaiiet0» I5t4l 

Of the 9t«tiQnavy,«iid Retipgrttde AppewnuMe of tkfi £xtf«ior r/ 

Of theFixed Stacf, , « ^ . . . 

Of Sol«r Atd Ibimar £d]p$e8t * • . 

OisneMl O lww ^y Mi oiw oa £Gltpies» ^ 

If«imherofS;ol^iie8ui^ Ye|«^ . ' . « , 






1^6 

S3 



\'. 



J^ART lit 



' -^ 



Ifrobfem 1. To find the Latitude ot'uiv given pliU^e, 16^ 

problem % ' Jo find all tho^ places wBkih hatt the tanle La* -^ 

' dtude as any given pUcce, ' • . . ' . • - • 16S 

IFroble'm 3* * Tonndtihe Lbngitude dFvuy'^pAuctk * • iH 




problem & * To find any place oh theglobenavihg the LSMitade 

, and Longitude' of tliat place given, ' • '. \ .,.!(& 

ProbleVn 7. To 'find 'the difference of laktitude between any ; •; 

two places, \ ' '. •" ,^ . \ ' " \ ' \ itt^ 

Probtem ^' To Bnd *the diffMnce of hmgituAe b^w^n any ' 

two places, • . • , • . . '* . . rS^t 
problem 9. "To fitiid th€ distance between any tifro pUees* • ^ IftL 
problem 10.' A place being ijiven on the Globe, *to fiitd att 

• places whnch are sitoated at the saiie diltancb firofii itak an^ % 
othei" given place, * , ' * \ ' . *..-'•.. , iflt 

Prablem It! Given tbe L'atitade of a pUbt and iU disUnee % 

ft^m' a inVen place! to f?nd that pliioe v^ereof the Latitude 
.IS given, , . i!^ 

problem 13! Given the Longitude of a phcb and lU distance 
from' a given place, lo find thai place whereof tfatfLbiiig(ittfde '^ 

* is pven, , • 175 

Problem 13. Tbfind huw —my-aiHai WMiIra a drgfce of Longi* ^ 

tude in any givien parallel of Latitude, . ,^ .* , 176 
Prebtem 14 To find the bearing of one place ftom another, I7f 
Problem 15. To find the Angle of posil&oi between two places, 178 
Problem Id. To find the Antcaci, Pericaci, and Antipodes of - 
, «nypl|UM»'. , *. .. ., .. .'T >i'» %^ - Ifl, 

Frobleml7. ,To find ii^Muijb rat« peic hour the inhabitants' of 
•' wny g^yen place tre canned froip WQit to.east |>y the rev(^a«fc 
i tionoftheCartlion i^ Aps, .%•.*. . « -16J| 
fi^blemlft. A particular pUce tndthe-hiNir of ^di^at that • 
; ^ace being |^vep, to find ^hat hour It 'm$X any other place» 18^ > 
g l^blem 19. . A partieiilav place 9mA Mft iMur^i^ the day be* . 
^ v*^f^ given, tfi find all .places onjthe Globe whei^ it is thea 

toon, w «i\y othiMP pyenrtan^ X i^ « ^ ... .^ .« Hft 



^m^^^mm^^rmt 



tt» 



• ' •* Page. 

f tii0 Son's place jn the ecliptic} «nd.his decUnntion, 186 

^robkm 31. To plate At Glebe iii^ the same wtaation with 

ffespMt to the Sttn; aa^th».£aKh.i8»at tht^ZcpmrnmH «t the 

^ Soaifiier Solftti6e» and at the WSntes Solat}ce».j»d tiiereby 

1 tb shew the comparitive leni^aef the longeBt and ilwrtcat 

^•^ days^ . • . •• k %' • •. * ••■ • • * >-48f 

^blem 22. . To place tbe Glok« in jthe same- ait«atioB -with 

Mspeot to the Mar Star in the |iaa»'6f»» as<tliB £«|th iaio. , i 
c Ihe inhabitants of the. Equator, &c. viz. to illustrate the three 

posttiom of the Sphere, Rifht» Paridtel, and oblique, so as I 

to shew the compafitive length of the longest and shortest 

days, • . 194 

^tiblem 33. The. month aUd day ef the jnonth beings given, 
. to find all places of the Earth vhere the Sun is vertical on 

that day ; those placea where the sun does not set, and 
I those ^naceis where he does not rise on the^v^ day, ' ' 199 
IProbfem 24. A pUjcm being given in tjie Torrid ^one, to iind 

thoae^'t^m dayrol^the yeardn yhich tiic .Sun will be verti* 

£3ISbl at that place, . . > . .... $01 

Kcoblem 25. The wmath anil day cyf. the month beinfr given I 
1 (at any.fdacenoi in thefrif^ ^ones) tc^^nd what other day 
' of the year is <^ the same lengthy . • * .. • 20|f 
tMblem 2(L . The month, .4a^ And hour of the day being 

gii9a%.to:ftid where the Sun 48 vortical at that instant, . 20$ 
Ptoh\em.2Y. The mon^ day» and hour of the. day at any 
L l^lace b^g given, to find aU ^ose places of the Earth where 

the Sun is rising, : those places where the Sim is siting, . '2 

those fkteeM that have noon, thut pavtif^idnr place where tht^ 
: Sun is vertieaU those places that have morning twilight, . 
I: those plaees. that. have.. evening I wilight^ and Chose placea 

that imi« midnight^ • • .» » » < . . 20% 

JProblem ^8. To find the time of^thie Sun's Hsing and set* 
>^ ^tng, and the leogth of the day snd night st any place, , 206 
Prablc»n ^Sl The length of the day at any: pUcie being giv* . * 
^ en, to find the Sen's sdeclieation^ safid the day of the monili, 30d 
Problem 30. To find the length of the longest day at any : 

plaee in the .north frigid Eone, .« . ... SiO 

Pfohlem 31. To find the length of the longest night at any 
.: place in the north irigid Zone, .... 211 

Problem 32. To findjthe^mimber of diyrs^whiQJi the Sun rises 
' and acts at any place in the oorth frigid Zone, 2lt 

iproblem 33. < fNomidin what degree of north latitnde, on any 

day berweaa the l^lat of March and, the Slsi «f |une» or in i 

what degree of« south latitude, en an>' day between the 23d 
' ai September and the 33d of December, the Sun begins to 
. liiine constantly without setting ; and ttji» in what latitude 

in the oppoi&te hemisphere he. begat is to Jbe totally absent^ 21€ 
Jfroblem34. Any number of days not exceeding- 1^3, being 
X gives, to find tbs parallel of north latitude in which the Sun 
c does> not set ftn* that time, . ... . . 21J 

problem $Si To find»ihe begimung, eml^ and duration of twi* 

li|^et:sm^plaoe,on?ai^ given day, . . . 214 

imblem 36. To ^nd tbe heginniogi^ca^ e|^ deration o^on-. < 

itant day or twilight at any place, . / . ' • . 218 




Probkm 37. To find the duration oi iwiliglitai'tlie'tiorth 
pote, • . ,' ♦ ■. • ,^ * . .» •<' 2l5 

Problem 3a . Toiind in iiill«t'«lte*U any gWen place on ^le ^ 
Globe is situated, . . . « ibi 

Problem 39. To find^ the l»<eaddis of the seferal climates be<» * * 
tweentlie Equator and the P^arCirclei, .• .^ . SSI 

Problem 40. * To find that part of the equation of Time which ^ 
dependfton the obliquity of the EcKtitiCy . < * 22S 

Problem 4t. To find the Sun's meridian altitude at any time 
of the year at any g^ven place, « 223 

ProUem 42. When it is midnight at any place in the temper^ * ' 
ate or torrid Zones, to find the Sun's altitude at any place (on j 
the same meridian) in the north Frigid Zone, where the Sun 
does not descend below the horizon, • • ... 

Problem 43. To find the Sun's nniplitude at any place. 

Problem 44. To find ibe Sun's azimuth and his altitude at any 
place, the day and hour being given, .... ^26 

Probiem 45. The latitude of the place, day of the .taionth, and i 
the Sun's altitude being given, to find the Sun's azimuth and 

• the hour of the day, .. ... . . '228 

Pi-obfem 46. Given the latitude of Che place, jmd the day of . 
month, to find at what hour the Sun is due east or west, 229 

Problem 47. Given the Sun's meridian altitude and the day of 
the month, to find the latitude of the place, . • 23(1 

Problem 48. The length of the longest day at any place, jnot 
within the polar circles, b^ng given, to find the latitude of ^ 
that place, . . . , . , 232 

ProbJi^m 49. The latitude of a place, and the da^ of the month 
bein^ given; to find how much the sun's decimation must in- 
crease or deci'ease towards the elevated Pole, to make the , 

. day an hour longer or shorter than the given dav, 2^33 

Problem 50. • To find the sun's right ascension* oblique ascen- 
sion, oblique descension, ascensional diiference^ aiid time of I 
rising ftnd setting at any place, . • . 23^ 

Problem 51. Given the day of the month, and the sun 'Sampli- 
tude, to find the latitude of the place of observation, . 236 

Problem 52. Given two obset-ved latitudes of the suti, the time t 

. elapsed between them> and the sun's declination, to find the 
latitude, . ^ . • ^ . 231^ 

problem 53. The day and hour being given when a solar 
eclipse will happen, to fiad where it will oe visible, , 239 

Problem 54. The day and hour being given when a lunar 
eclipse will happen, to find where it wul be visible, . 240 

Problem 55, To find the time of the year when the sun or 
Moon will be liable to be eclipsed, > • , 246 

ProUem 56. To explain the phenomenon of the harvest 
Moon, . ... « t • • 247 

Problem 57* The day and hour of an eclipse of any one of the 
satellitesof Jupiter being given, to find upon the Globe all ' 
those places where it will 1^ vinble^ . . 249 

problem 58. To place the Terrestrial Globe in the sunshine, 
so that it may represent' the natural position of the Earth, 25% 

Problem 59. The latitude of a place being given, to find the 
hour of the day at any time when the aunabihesy * 259 



<€01fTEKT^ iVr 

4 

• r '"' t 

' try 

■ • - Page. 

PiPoblem GO. To find the sun*8 altitude, by pbeing the Globe 

in tbe fun-shiner « • . • . » > « . 254 

ProUem61. To find the sun's declinatiiNi, his place in the 

* £oIipde» and bis «siiiitttb» bjr plaeing the Globe in the sua- 
shine» « ^ • ,« • . -,. . . • 2S$ 

PrphUm 62. To draw a meridi|ui line jipo^^t horuieDtal pUme^ 

und to determine tfaefsiir eaidiiMl pointa in the horizmii ib« 

Probleo^ 63. , To make a horiaontal dial for any latitude* 2S7 

fiobleqpi 64. To make > verticai diai» fiieing the soi^^ in 
, north latitude, ,« ., « . . .• • . 260 

CHAP. J%» P^OBXSItS PX»#Cgi|i;ai> BV THB CAI>KSTXAL Cl^HJK. 

Problem 65. To' find the right ascendion and declination of 

the sun, or a star, . . . . . 264 

Problem 66. ' To find the latitude and loi^gitude of a sur, 265 

l^blem 67. The right ascension and declination of a star, the 
moon, a planet, or of a comet, being ^iven, to find its place 
on the Globe, . . . . • ' . 26$ 

Problem 68. The latitude and longitude of th^ moon, a star, or 

a planet given, to find its place on tHe Globe, . 267 

problem 69. The day and hour, and the latitude of a place 
^ being given, to find vrhat stars are rising, setting, culmi- 
nating, &c. \ .' .' . " . . 268 
Problem 70. 'The hititude of a place, day of the month, and 
'^'i^urbetne: given, to place the globe in such a manner as to 
reprint the heavens at that tinie, in order to find out the 
^, refitite situations and names of the Constellations and re- 
"^ markable stars, . . . . . 2j^ 
Problem 71- To fiud when any star, or planet, will rise, come , ' 
. to the meridian, and set at any given place, • ^0 
Problem 72. To find the amplitude of any star, its obliqpe as- 
cension and de8cension> and its diurnal arch, for any given 
day, . . ' .' * . • '. . 271 
problem 73. Thelatitude of a place given, to find the' time of 
the year at wiiich any known star rises or sets achronically, 
* ' that is, 'when it rises or sets at sun -setting, . . 272 
problem 74. The latitude of a place given, to find the time of 
' ' the year at which any known star rises or sets cosmically, 

that is, when it rises or sets at sun-rising, . . 273 

j^roblem 7S. To find the time of the year when any given star 
'. rises or sets heliacally, . ' . . 274 

problem 76. Thelatitude of a place aYift day of the month be- 
' ing gi^cn, to find all those Stars that rise and set achroni- ' 

* cally, cosmically^ and heliacally, ... 277 
problem 77. To illustrate the precession of the equinoxes, 278 
Problem 78. To find the distances of the stars fh>m each other 

in degrees, ...... 280 

problem 79. To find what stars lie in or near the moon's 
^ path, or what stars the moon can eclipse^ or make a near ap- ' 

prbach to, . ' . . . . . j31>. 

Problem 80. Given the latitude of the place and day of the 
'. month, to find what planets will be above the horizon after ' ^ 

* sun-setting, ' . . . . . 28jJ 
Problem 81. Given the latitucle bf the place, day of the month 



and how tf titt iii|^ or momiiiffy €»fi]id wbtt plaiictt Utt 

Probtom 83. Tiie Utiiude of the place and day ef the month ^ 

^ven, to Utid hew lour Vcmiamos beloM tlie sun whea the 
V la a laoniind^ 8tar» and now loag she ieta after the aun wfaea 

ahei» aa evening ata^ ^ 86$ 

Fi'obiem 83. The latitude of a plaoe and day of the iBontb beuif 

given, to find the meridian aJtitude of any atar or pbnet^ '28S 
Probleni84. To had all these |ihweeon the earth to which the - 
C moon will be nearly vertical on any given day« <. S86 

Problem 85. Given tlie latitude of a place^day of the month* and 

^le altkudeofaiitar, tofibdthe hour«tf thenigh^^andthe 

■tar's azimuths • • • . .. • • ^(89 

problem 86. Given the latitude of a pUce* day of the month^ 

and hour of the day « to find the altitude of any atar, and ita 

azimuth, • . • » • • SSf 

Problem 87* Given the latitude of a place, day of the month* 
* and azimuth of a star, to find the hour of the night and the . 

star's altitude, • • • * . ' , 2^9 

problem 88. Two stars being ^ven, the one on the meridian, . 
' and the other on theeast or west part of the horizoo, to find 

the latitude of the place, • . • . • 291 

l^roblem 89. The latitude of the place, the day of the month# . 

and two stars that have the same aaiiaath, being given, to find - 

the hour of he nighty • « • . • $9t 

Problem 90. The latitude of the place, the day of the month*. 

and two stars that have the same altitude, being given^ to . 
. find the hour of the night, • . • • $92 

Problem 91. The altitudes of two sters haviog the aame azi- *, 
^ mufh, and that azimuth being given, to find the Utitudc of 

the place, . • . •• • 2^ 

Problem 92. The day of the month being given, and the hour 
, when any known star rises or sets, to find &e latitude of 
^ the place, /.'••.. . • 29i 

problem 93. To find on what day of the year any given star 

passes the meridian at any given hour, . « ^9$ 

problem 94 The day of the month bein^ |jftven, to find at what r 

hour any given star comes to the meridian, ^ • 29S 

Problem 95. Given the azimuth of a known star, the latitude 
^ and the hour, to find the Star's altitude and the day of the. 

month, . '. • . . . • ib« 

problem Q8. The altitodea of two stars being given, to find 

the latitude of the place, .... ih. 

Problem 97. The meridian altitude of a known star being 

given at any place, to find the latitude, , • 29p 

problem 98. The latitude of a phuce, day of the month, and 
, hour of the day being given, to find the nonsgesimal degree 

of the ecliptic, its attitude and azimuth, and the memum 

coclt,. ••••••• 399 

problem 99. The latitude of a place, day of the month, and the 

hour, together with the altitude and azimuth of a Star, being 

given, to find the star, . • • . 301 

problem 100. To find the time of the moon's southing, or com- 
' ing to the mendiaa of any place* on any given day of tho 

month, • • • • • • . 30S 



C9DI9T£WTS«» 



- '^ 



> ft 






Page. 



«^W)l)lem 101. The day of the months lattViMle #f tiM plttee» a> dl 
tfie tlme<rf*higpii wtiter&tthe fuU and changie of the morm, 
%t\n% g^^en, td find the thtte of high water oti the gi^t-a 
day. . . » • . 303 

^Problem 192. To deflcribe the apparent {>ath o# any Fknivl, 
or of a Oomet, amongpb the ftxfed Stars, &c. • ' .- 306 

PROBLEMS WB^ea IffAY tfH ySftT>0ttME9 0Y BITte« Vl^OBB. 



problem 20. . . • . 186 



mi 11 1 1 



■I ■ ■ 



» i*. 



«*— «- 



Mkdt. 



25. 

^_ «8. 

— 29; 

— 30. 

— St. 

- S2. 

- 33. 
34. 

• 35. ' 

■ sr. 

39. 
40i 

• 41. 



:^02 
206 
308 
210 
S)l 
212 
2^14 
215 
'216 

n% 

219 

ibi 

*221 

222 

223 



i I- I «■ 



ProbleHii 43> 
44 

45. 
46. 
47. 
48 
49. 
501 
51. 
52, 
55. 
56. 
59. 
60. 
61. 



— ^mw^. ri ll I ■ 



Pa^. 

. 2-25 

. 22^ 

. 228 

. 22^ 

. 230 

. 232 

. 233 

. 23^ 

. 256 

. 237 

. 246 

. 2*47 

. 25i 

. 254 



.% 



FARF IV. 

A promiscuous collection of examples exercising tlie 

problems on the globes, . '. 309 to 320 

A collection of questions, with references to the pages 
where the answers will be found ; designed as an As- 
sistant to the tutor in the examination of the stu- 
dent, . . . . . . 320 to ^33 

A table of the latitudes and longitudes of some of the 

principal ^places in the world, \ . 334 to MS 

An alphabetical list of the Constellations, with the right 
ascension and declination of the middle of each, for 
the ready finding them on the Globe, . 344 to 346 



INDEX TO THE TABLES. 



\ 1. A table of the climates, . . . . 16,17 

. 3. Tables of the coiwtellations, with/ the number of t 

stars in each coQjtteilation, and l;he names of the prin> 
cipal stars, . . . . » • . 2p, 24, ^5, 26 

3. A table of the velocity and pressure of the winds, . 113 



XVIU 



GONTENTS. 



Page. 

4. A table of tbe satellites of Jujntery < * . 145 

> 5 A table of the configurstion of the satellites of Jupiter 147 

6. A table of the satellites of Saturn, . 150 

7. A table of the number of geographical and English 
miles whidi malse a degree in any given parallel of 
latitude, . * . . . 179 

8. A table of the equation time, dependent on the ob- 
liquity of the ecliptic, for every degree of the sun's 
longitude, ...... 228 

9. A table of all the visible eclipses which will happen 

in the present century, . • 241 

10. A table for finding tLe moon's age, the time of new 

and full moon, hct ... !^44 

11. A ta^le of .the hour arehes and anglea^ra horiaon- 

tal dial, for the latitude of London, . !^8 

12 A table of the hour arches and angles for a vertical 
dial, for the latitude of London, . . 262 

13. A table of the equation of time, to be placed on a 
sundial, . . . . • 263 

14. A table of the right ascensions, declinations, lati- 
tudes, and longitudes of some of the principal fixed 

stars, for the year 1800, ...» 266 

15. A table of the time of high water at new and fall 

moon, at the principal places in the British Islands, • 306 

16. A table of the latitudes and longitudes of some of 

the principal places in the world* . 334 to 343 

17. A table of the Constellations, alphabetically arran- 
ged, with the right ascension and declination ot the 

IDiddle of each, . . 344 to 346 

five Copper 'Plate9 to be placed at the End of the Beok, 



A 

I 

NEW TREATISE 
OK 



THE USE OF THE GLOBES, 

&c. &c. &c. 



PART !• CONTAINING, 

1; Explanation of the Lines an the artijicial Globes^ in- 
cluding' Geographical and Astronomical Definitions^ 
fePc. — 2. The Properties of Matter ^ and the Laws of 
Motion.'^S. The figure and Magnitude of the Earth0 

4. The Diurnal and Annual Motion of the Earth.^^^ 

5. The Origin of Springs and RiverSy and of the 
Saltness of the Sea — 6. The Flux and Reflux of the 
Tides.'^^f. The natural Changes of ^e Earthy cans* 
ed by Mountains^ Floods^ Volcanoes^and Earthquakes. 
-—8. Hypothesis of the Antediluvian JVorldj and the 
Cause of Noah^s Flood. — 9. The Atmosphere, Airy 
Windsy and Hurricanes — 10. Vapours^ Fogs and 
Mists, Cloudsy Dew and Hoar Frosty Sncrw and Hail^ 
Thunder and Lightnings Falling Stars^ Ignis Fatuus^ 
Aurora Bprealis^ and the Rainborv. 



CHAPTER I. 

Explanation of the Lines on the Arttflcial Globes^ inclu^ 
dingGeogrdphical and Astronomical Definitions ; with 
a few Geographical Theorems* 

1. THE Terrestrial Globe is an artificial repre- 
sentation of the earth. On this globe the four 
quarters of the world, the different etnpires, kingdoms 
and countries ; the chief cities, seas, rivers, &c. are 
truly represented,according to their relative situations on 
the real globe of the earth. The diurnal motion of 
this globe is from west to east. 

B 
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2. The Celesttal Globe is an artificial repre8€n« 
tation of the heavens, on which the stars are laid down 
in their natural situations* The diurnal motion of this 
globe is from east to west, and represents the apparent 
diurnal motion of the sun, moon, and stars. In using 
this globe the student is supposed to be situated in the 
centre of it, and viewing the stars in the concave 
surface. 

3. The Axis or the Earth [See Plate I.* Fig- 
ures I .and II.] is an imaginary line passing through the 
centre of it upon which it is supposed to turn, and about 
which all the heavenly bodies appear to have a divmal 
revolution. This line is represented by the wire which 
passes from north to south, through the middle of the 
artificial globe. 

4. The P#].£s or the Earth are the two extrem- 
ities of the axis, where it is supposed to cut l!he surface 
of the earth ; One of which is called the north or arctic 
pole ; the other the south or antarctic pole. The celes- 
tial poles are ffto imaginary points f in the heavens, 
exactly above the terrestrial poles. 

5. The Brazen Meridian is the circk in which 
the artificial globe turns, and is divided into 360 equal 
parts, called degrees. :}: In the upper semicircle of the 
brass meridian, these degrees are numbered from O to 
90, from the equator towards the poles, and are used for 
finding the latitudes of places. On the lower semicir- 
cle of the brass meridian they are numbered from to 
90 from the poles towards the equator, and are used in 
the elevation of the poles- 

* Fig-ure I. i^epresents the frame of the glohe, with the horizon^ 
brass meridian, and axis ; figure II. the globe itself^ with the lines 
on its surface. 

f The polestar, is a star of the second magnitude»near the north 
pole, in the end of the tail of the Little Bear. Its mean right as- 
cention, for the beginning of the ycjar 1804, was 13^ 14' 43" and 
its declination 80^ 15' 44'' north. 

+ Every circle is supposed to be divided into 360 equal parts, cal- 
led degrees ; each degree into 60 equal parts called minutes ; each 
minute into 60 equal parts called seconds, &c. ; a degree is, there- 
fore, only a relative idea, and not an absolute quantity, except 
when applied to a great circle of the earth, as to the equator,or to a 
meridian, in which cases it is 60 geographical miles, or 69^ English 
miles. A degree of a g^at circle in the heavens is a space nearly 
equal to twice the apparent diameter of the sun ; or to twice that o£ 
tlie mo(m when conaiderably elevated above the horl^nn. j^p 
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5. Great Circles divide the globe into two ejt«a/ 
parts, as the equator, ecliptic, &c* 

7. Smah Circles divide the globe into two un* 
equal parts, as the tropics, polar circles, parallels of 
latitude, &c. 

8. Meridians, or lineis of longitude are semicircles^ 
extending from the north to the south pole, and cutting 
the equator at right angles. Every place upon the globe 
is supposed to have a meridian passing through it, 
though there be only 24 drawn upon the terrestrial 
globe ; the deficiency is supplied by the brass meridian* 
Whim the sun comes to the meridian of any place.(not 
within the polar circles,) it is noon or mid-day at that 
place. 

9. The Ec^ator is a great circle of the earth, equi- 
distant from the poles, and divides the globe into two 
hemispheres, northern and southern. The latitudes of 
places are counted from the equator northward and 
southward ; and the longitudes of ^aces are reckoned 
upon it eastward and westward. Thef^pquator when 
referred to the heavens, is called the ^j^uinoc^f a/, because 
when the sun appears in it, the days and nights are equal 
all over the world, viz. 12 hours each. 

10. The First Meridian is that from which geo- 
graphers begin to count the longitudes of places. 'In 
English maps and globes the first meridian is a semicir- 
cle supposed to pass through London, or the royal ob- 
servatory at Greenwich. 

It The Ecliptic is a great circle in which the sun 
makes his apparent annual progress among the fixed 
stars \^ or it is the real path of the earth round the sun, 
and cuts the equinoctial in an angle of 23** 28' ; the points 
of interaction are called the equinoctial points. The 
ecliptic is situated in the middle of the zodiac. 

12. The Zodiac, on the celestial globe is a space 
which extends about eight degrees on each side of the 
ecliptic, like a belt or girdle, within which the motions of 
all the planets are performed.! 

* The sun's apparent diurnal path, is either in the equinoctial, or in 
lines nearly parallel to it ; and his apparent annual path may be tra* 
ced in the heavens, by observing what particular constellatu^n in the 
zodiac, is on the meridian at midnight ; the opposite constellation 
vrill shew very nearly, the sun's place at noon on the same day. 

f £xcept the newl} discovered planets^ or AsteroidsyCere^ and Dallas* 
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13. Signs of the Zodiac. The ecliptic and zo- 
diac are divided into 12 equal, parts, called signs^ each 
containing 30 degrees* The sun makes his appar^t 
annual progress through the ecliptic at the rate of nearly 
a degree in a day. The names of the signs, and the 
d^s on which the sun enters them are as follow : 



Spring Signs. 

f Jriet, the Ram, 2lst of 

March. 
ti ' TaurtM, the Bull, 19th of 

April, 
n Gemini, the Twuis, 20th of 

May. 



Sui^MER Signs. 

25 Cetncer, the Cral)» 21st of 

, June. 
St Leo, the Lioo, 22d of Ja- 

ly- 

njj Virgo, the Virgin, f 2d of 
August 



# 



The six signs above are called northern signs, being 
north of the equinoctial ; when the sun is in any ci 
these signs his declination is north 



Autumnal Signs. 
sfc Xi^ra^ the Balance, 23d 

of September. 
R Scorpio^ the Scorpion, 

23d of October. 
S Sagittarius ^xht Archer, 

22d of November. 



Winter Signs. 

yj Capricornus^ the Goat, 
21st December. 

iSSf Aquarius^ the Water- 
bearer, 20th January. 

K Pisces^ the Fishes, 19th 
February. 



The six signs above are called southern signs ; when 
the sun is in any of these signs his declination is south. 

The spring and autumnal signs are called ascending 
signs ; because, when the syn is, in any of these signs, 
his declination is increasing. The summer and winter 
signs are called descending signs ; because, when the sun 
is in any of these signs, his declination is decreasing. 

It is conjectured, that the figures in the signs of ihe zodiac are 
descriptive of the seasons t)f the year, and that they are Chaldean 
or Egyptian hieroglyphics, intended to represent some remarkable 
occurrence in each month. Thus the spring* signs were distinguish- 
M for the production of those animals which were held in the great- 
est esteem, viz. the sheep, the black-cattle, and the goats ; the lat- 
ter being the most prolific, was represented by the figure Gemini.-^. 
When the sun enters Cancer, he discontinues his progress towards 
the north p9ie, and beg^s to return back towards the south: 
pole. This retrograde motion was represented by a Crah^. 
which is said to go backwards. The heat that usually follows in 
the next month is- represented by the Liout &n animal remarkable 
for its fierceness, and which,at this season, was frequently impelled,, 
through thirst, to leave the sandy desert, and make its appearance 
on tlie banks of the Nile. The sun entered the sixth sign about the 
time of harvest, which season was tiierefore represented by a vir- 
gin, or female reaper, with an ear of corn in her hand. When the 
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ffttn enters Lth^a, the days ftad ai^hts «te equal all over the world, 
and seem to observe an equiUbriumy like a balance. 

Autuma, which produces fruiis in gr^at abundance, brings with 
it a variety of diseases : this season is represented bv that veno- 
mous animal the Scorpion, which wounds with.a sting in his tail as he 
recedes. The fall of the leaf was the season for hunting, and the 
stars which marked the sun's path at this ^roe, were represented by 
a huntsman or archer, with his arrows and weapons of destruction. 

The Goat, which delights in climbing or ascending some mountain 
or precipice, is the emblem of the winter solstice, when the sun be- 
^ns to ascend from the southern tropic, and gradually to increase 
m height for the ensuing half year. 

Aquariuti or the Water-bearer, is represented by the figure of a 
man pouring out water from an am ; an emblem of the £eary and 
uncomfortable season of winter. 

The last of the zodiacal constellations was Pitcet, or a couple of 
fishes, tied back to back, representing the Hshing season. The se- 
verity of the winter is over, the flocks do not alFor^ sustenance, but 
the seas and rivers are open and abound with fish. 

The Chaldeans and Egyptians were the original inventers of as- 
tronomy ; they registered the events in their history, and the mys- 
teries of their religion among the stars by emblematical figures.— 
The Greeks displaced manyiof the Chaldean constellations, and pla- 
ced such images as had reference to their own history in their room. 
The same method was followed by the Romans : hence the ac« 
counts ^ven of the sig^s of the zodiac, and of the constellattons, are 
contradictory and involved in fable. 

14. Declination of the sun, a star, or planet, is its 
distance from the equinoctial, northward or south- 
vrard« When the sun is in the equinoctial he has no de- 
clination, and enlightens half the globe from pole to 
pole* As he increases in north declination he gradual- 
ly shines farther over the north pole, and leaves the 
south pole in darkness : in a similar manner, when he 
has south declination, he shines over the south pole, and 
leaves the north pole in darkness. The greatest decli- 
nation the sun can have is 23° 28' ; the greatest declina- 
tion a star can have is 90°, and that of a planet 30^ 28'* 
north or south. 

15. The Tropics are two small circles, parallel to the 
equator, at the distance of 23° 28' from it ; the north- 
ern is called the Tropic of Cancer, the southern is the 
Tropic of Capricorn. The Tropics are the limits of 
the torrid zone, northward and southward. 



• Except the planets, or Asteroids, Core* and JPallas, which are 
Dearly at tiie same distance from the sun ; the £)rmer at the time 
this was written^ was out of the zodiac. 
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16. The PotAR Circles are two small circles, par- 
allel to the equator, at the distance of 66° 32' from it, 
or 23° 28' from each pole. The northern is called the 
arctic^ th^ southern the antarctic circle. 

17. Parallels OF Latitude are small circles drawn 
through every ten degrees of latitude, on the terrestrial 
globe parallel to the equator. Every place on the globe 
is supposed to have a parallel of latitude drawn through 
it, though there are generally only sixteen parallels of 
latitude drawn on the terrestrial globe. 

18. The Hour Circle on the artificial globes is a small 
circle of brass, with an index or pointer fixed to the 
north pole. The hour circle is divided into 24* equal 
parts correspondent to the hours of the day ; and these 
are again subdivided into halves and quarters. 

19. The Horizon is a great circle which separates 
the visible half of the heavens from the invisible. This 
horizon, when applied to the earth, is distinguished by 
the sensible and rational horizon. 

20. The Sensible, or visible horizon, is that which 
terminates our view, and is represented by that circle 
which we see in a clear day where the earthy ol* sea, and 
the sky seem to meet.t 

21. The Rational, or true horizon, is an imaginary 
plane, passing through the centre of the earth, parallel 
to the sensible horizon. It determines the rising and 
setting of the sun, stars, and pl^ets. 

* Some g^lobes have two rows of figures on the index, others but 
one. On BardirCa nevs British Glebes there is an hour circle at each 
pole numbered with two rows of figures. On Adam's common globes 
there is but one index ; and on his improved globes the hours are 
counted by a brass wire with two indexes standing over the equa- 
tor. Mr. William Jones has made an hour circle to slide on the 
brass meridian of many of the globes fitted up by him ; it b like* 
wise ment to shew the bearing of places. The fonn of the hour 
circle is, however, a matter of little consequence, (provided it be 
placed under the brass meridian), as the equator will ahswer every 
purpose to which a circle of this kind can be applied. 

f The sensible horizou'extends only a few miles ; for example, if 
s^ man of 6 feet high were to stand on a large plane, or on the sur- 
face of the sea ; the utmost extent of his view, upon the earth or 
the sea, would be about three miles. Thus, if A be the height of 
the eye above the surface of the sea, and d the diameter of the 

fearth in feet, then Vd-^h-^h^ ^^ ^^^^ the distance which a per- 
son will be able to see, straight forward. Keith* s Trigonometry, 
Example XLI, page 8d. 
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22. The Wooden Horizon cireumscribing the arti- 
ficial globe, represents the rational horizon on the real 
globe. This horizon is divided into several concentric 
circles. On BardirCa New British Globes they are ar- 
ranged in the following order : 

The First Circle is marked amplitude, and is num- 
bered from the east towards the north and south, from 
O to 90 degrees, and from the west > towards the north 
and south in the same manner. 

The Second Circle is marked azimuth, and is num- 
bered from the north point of the horizon towards the 
east and west, from to 90 degrees ; and from the 
south point of the horizon, towards the east and west 
in the same manner. 

The Third Circle contains the thirty-two points of 
the compass, divided into half and quarter points. The 
degrees in each point are to be found in the azimuth 
circle. 

The Fourth Circle contains the twelve signs of the 
zodiac, with the figure and character of each sign. 

The Fifth Circle contains the degrees of the signs, 
each sign comprehending 30 degrees* 

The Sixth Circle contains the days of the month an- 
swering to each degree of the sun's place in the ecliptic. 

The Seventh Circle contains the equation of time, or 
difierence of time, shewn by a well regulated ck>ck and 
a correct sun dial. When the clock ought to be faster 
than the dial, the number of minutes, expressing the 
difference, has the sign + before it ; when the clock or 
watch ought to be slower, the number of minutes in the 
difference has the sign — before it. This Circle is pe- 
culiar to the New British Globes* 

The Eighth Circle contains the twelve calendar 
months of the year, &c. 

23. The Cardinal Points of the Horizon arc 
east, west, north, and south. 

24. The Cardinal Points in the Heavens are 
the zenith, the nadir, and the points where the sun 
rises and sets. 

52. The Cardinal Points of the Ecliptic arc 
the equinoctial and solstitial points, which mark out the 
four seasons of the year ; and the Cardinal Signs are of 
Aries, sj Cancer, =£h Libra, and >5 ^Capricorn. 
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26. The Zenitb is a point in the heavens exactly oyer 
our heads, and is the elevated pole of our horizon. 

27. The Nadir is apoint in the heavens exactly under 
our feet, being the depressed pole of our horizon, and 
the zenith, or elevated pole, of the horizon of our an- 
tipodes. 

28. The Pole of any circle is a point on the surface 
of the globe, 90 degrees distant from every part of that 
circle of which it is the pole. Thus the poles of the 
world are 9() degrees from every part of the equator ; 
the poles of the ecliptic (on the celestial globe) are 90 
degrees from every part of the ecliptic. — Every circle 
on the globe, whether real or imaginary, has two poles 
diametrically opposite to each other. 

29. The EquiNOCTiAL Points are Aries andLibra^ 
where the ecliptic cuts the equinoctial. The point 
Aries is called the vernal equinox, and the point Libra 
the autumnal equinox. When the sun is in either of 
these points, the days and nights on every pai^t of the 
globe are equal to each other. 

30. The So LSTiTiALPoiNTsareCancer and Capricorn. 
When the sun is in^ or near, these points, the variation 
in his greatest altitude is scarcely perceptible for several 
days ; because, the ecliptic hear Uiese points is almost 
parallel to the equinoctial, and, therefore, the sun has 
nearly the same declination for several days.— ^Whea 
the sun enters Cancer it is the longest day to all the in- 
habitants on the north side of the equator^ and the 
shortest day to those on the south side. When the sun 
enters Capricorn it is the shortest day to those who live 
in north latitude, and the longest day to those who live 
in south latitude. 

31. A Hemisphere is half the surface of the globe ; 
every great circle divides the globe into two hemis- 
pheres. The horizon divides the upper from the lower 
hemisphere in the heavens ; the equator separates the 
northern from the southern on the earth ; and the brass 
meridian;, standing over any place on the terrestrial 
globe, divides the eastern from the western hemisphere. 

32. The Mariner's Compass is a representation of 
the horizon, and is used by seamen to direct and ascer- 
tain the course of their ships. It consists of a circular 
brass box, which contains a paper card, divided into 22 
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equal parts, and fixed on a magnetical needle that always 
turns towards the north. Each point of the compass 
contains 11^ 15', or 11 degrees, oeing the 32d part of 
360 degrees. 

33. The Variation of the Comvass is the deviation 
•fits points from the correspondent points in the heavens. 
When the north point of the compass is to the east of 
the true north point of the horizon, the variation is east ; 
]f it be to the west, the variation is west. 

The learner is to understand> that the compass does not always 
point directly norths but is subject to a small annual variation. At 
f resent, in Eng^iand, the needle points about 24 de|p:ees to the vrest^ 
ward of the north. 



At LovDOH in 




d. m. 




d. m« 


1576» the variation was, 11 I5E 


1 666, the variation was, 1 35 W, 


3612, - - - 6 10 £ 


168 >, 


4 30W. 


1622, . . • 6 0£ 


1700, 


• 8 Wi 


1634, ... . 4 5£ 


1722, 


14 22 VV. 


1!B57, - - - 


1747, 


17 40W. 




1780, 


^ 22 41W. 



The compass is used for settitig the artifidal globe north and 
south ; but care must be taken to make a proper aUowance for the 
variation. 

34. Latitude of a Place, on the terrestrial globe, 
is its distance from the equator in degrees, minutes or 
geographical miles, &c« and is reckoned on the brass 
meridian, from the equator towards the north or south 
pole. 

35. Latitude or a Star or Planet, on the celes* 
tial globe, is its distance from the ecliptic, northward or 
southward, counted towards the pole of the ecliptic, on 
the quadrant of altitude. The greatest latitude a star 
can have is 90 degrees, and the greatest latitude of a 
planet is nearly 8 degrees'^ The sun being always in 
the ecliptic, has no latitude. 

36. The Quadrant of Altitude is a thin slipof brass 
divided upwards from O to 90 degrees, and downwards 
from O to 18 degrees, and, when used, is generally 
screwed to the brass meridian. The upper divisions 
used to determine the distances of places on the 



* The newly-discovered planets^ or Asteroids, C^e« and Pallas^ 
ilo not appear to be confined within this limit 
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earth, the distances of the celestial bodies, their alti- 
tudes, &c. ; and the lower divisions are applied to 
finding the beginning, end, and duration of twilight 

37. Longitude of a Plage on the terrestrial globe, 
is the distance of the meridian of that place from the first 
meridian, reckoned in degrees and parts of a degree on 
the equator. Longitude is either eastward or west- 
ward, according as the place is eastward or westward, 
of the first meridian. The greatest longitude that a 
place can have is 180 degrees, or half the circumference 
of the globe. 

38. Longitude of a Stae, or Planet, is reckoned 
on the ecliptic from the point Aries, eastward, round th^ 
celestial globe. The longitude of the sun is what is 
called the sun's place on the terrestrial globe. 

39. Almacantars, or Parallels of Altitude, 
are imaginary circles parallel to the horizon, and serve to 
shew the height ef the sun, moon, or stars. These circles 
are not drawn on the globe, but they may be disscribed 
for any l^itude by the quadrant of sdtitude. 

40. Parallels of Celestial Latitude are small 
circles drawn on the celestial globe,paraIlel to the ecliptic* 

41. Parallels of Declination are small circles 
parallel to the equinoctial on the celestial globe, and are 
similar to the parallels of latitude, on the terrestrial globe. 

42. The Colures are two great circles passing through 
the poles of the world ; one pf them passes through the 
equinoctial points, Aries and Libra ;* the other through 
the solstitial points; Cancer and Capricorn : hence they 
are called the equinoctial and solstitial colures. They 
divide the ecliptic into four equal parts, and mark the 
four seasons of the year. 

43» Azimuth, or Vertical Circles, are imaginary 
great circles passing through the zenith and the nadir, 
cutting the horizon at right angles. The altitudes of 
the heavenly bodies are measured on these circles, 
which circles may be represented by screwing the quad* 



j»^^"Pi^"*"«»" 



• Intlie time of Hipparchus the equinoctial colure is supposed to 
have passed til roug-h the middle of the constellation Aries. Hippar.^ 
chus was a native of Nicaea, a town of B3^hiniain Asia Minor, about 
TS miles S. E. of Constantinople, now called Isnic ; he made his ob- 
servatipns between I^O and 13^ yo'^vs befqre Christ. 
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rant of altitude on the zenith of any place, and making 
the other end move along the wooden horizon of the 
glpbe. 

44. The Prime Vertic ai is that azimuth circle which 
passes through the east and west points of the horizon^ 
and is always at right angles with the brass meridian, 
which maybe considered as another vertical circle pass* 
ing through the north and south points of the horizon* 

45. The Altitude of any object in the heavens, is an 
arch of a vertical circle, contained between the centre 
of the object and the horizon* When the object is 
upon the meridian, this arch is called the meridian alti* 
tude. 

46. The Zenith Distance of any celestial object, 
18 the arch of a vertical circle contained between the 
centre of that object and the zenith; or it is what the 
altitude of the object wants of 90 degrees. When the 
object is on the meridian, this arch is called the meridian 
zenith distance. 

47. The Polar Distance of any celestial'object, is an 
arch of a meridian, contained between the centre of 
that object and the pole of the equinoctial. 

48. The Amplitude of any object in the heavens is 
an arch of the horizon, contained between the centre of 
the object when rising, or setting, and the east or west 
points of the horizon. Or, it rs the distance which the 
sun or a star rises from the east, and sets from the west, 
and is used to find the variation of the compass at sea. 
In our summer the sun rises to the north of the east, 
and sets to the north of the west ': and in the winter it 
rises to the south of the east, and sets to the south of 
the west. The sun never rises exactly in the cast nor 
sets exactly in the wes^ except at the time of the equi- 
noxes. 

49. The AziMUTH,ofaliy object in the heavens, is an 
arch of the horizon, contained between a vertical circle 
passing through the object, and the north or south 
points of the horizon. The azimuth of the sun, at any 
particular hour, is used at sea for finding the variation 
of the compass. 

50. Hour Circles,or Horary Circles, arethesame 
as the meridians. The^ are drawn through every 15 de- 
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greed* of the equator, each answering to fm honr ;' con- 
sequently, every degree of longitude answers to lout 
minutes of time, every half degree to two minutes, and 
every quarter of a degree to one minute. 

On the globes these circles are supplied by the brass 
meridian, the hour circle and its index* 

51. The Six o'ClockHour Line. As the meridian 
<yf any place, with respect to the sun, is called the 12 
oMock tiour circle ; so that great circle passing through 
the poles, which is 90 degrees distant from it on the 
equator, is called by astronomers the six o'clock hour 
eircle, or the six o'clock hour line. The sun and stars 
are on the eastern half of this circle, 6 hours before 
they come to the meridian ; and on the western half, 
six hours after they have passed the meridian. 

52. Culminating Point of a star or planet, is that 
point of its orbit which, on any given day, is the most 
elevated. Hence a star or planet is said to culminate 
when it comes to the meridian of any place ; for theii 
its altitude at that place is the greatest. 

53* Apparent Noon, is the time when the sun comes 
to the meridian ; viz. lu o'clock, as shewn by a correct 
sun dial. 

54. True, or Mean Noon, 12 o'clock, as shewn by 
a well regulated clock, adjusted to go 24 hours in a 
mean solar day. 

55. The Ec^ATioN OF Time atnoon,is theinterv^ 
between the true and apparent noon, viz. it is the dif- 
ference of time shewn by a well regulated clock and si 
correct sun dial. 

56. A True Solar Dat is the time from the sun's 
leaving the meridian of any place, on any day, till it re- 
turns to the same meridian on the next day ; viz. it is 
the time elapsed from 12 o'clock at noon, on any day^ 
to 12 o'clock at noon on the next day, as shewn by a 
correct sundial. A true solar day is subject to a con* 
tinual variation, arising from the obliquity of the eclip* 
tic, and the unequal motion of the earth in its orbit ; 
the duration thereof sometimes exceeds, at others fall 
short, of 24 hours, and the variation is the greatest 

• On Car/g Globes the meridians are drawn through every 10 de«% 
grees, as on a Map. 
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about the first of November, when the solar day is 16' 
15" less than 24 hours, as shewn by a well regulated 
dock. . 

57. A Mean Solar DaV is measured by equal motion, 
"as by a. clock or time-piece, and consists of 24 hours. 
There are in the course of a year as many mean solar 
days as there are true solar days, the clock being as 
much faster than the sundial on some days of the year, 
as the sundial is faster than the clock on others. Thus 
the clock is faster than the sundial from the 24th of 
December to the 15th of April, and from the 16th of 
June to the 31st of August : but from the 15th of April 
to tke 16th of June, and from the 31st of August to 
the 24th of December, the sundial is faster than tl^ 
clock* When the clock is faster than the sun dial, the 
true solar day exceeds 24 hours ; and when the sun*dial 
is faster than the clock, the true solar day is less than 
24 hours ; but when the clock and the sundial agree, 
viz. about the 15th of April, 16th of June, 31st ot 
August, and 24th of December, the true solar day is 
exactly 24 hours. 

58* The Astronomical Dat is reckoned from noon 
to noon, and consists of 24 hours. This is called a na- 
turcd day, being of the same length in all latitudes. 

59. The Artificial Day is the time elapsed between 
the sun's rising and setting, and is variable according to 
the difFenent latitudes of places. 

60. The Civil Day, like the astronomical or natural 
day, consists of 24 hoiirs, but begins differently in dif* 
ferent nations. The ancient Babylonians, Persians, 
Syrians, and most of the eastern nations, began their 
day at sun-rising. The Ancient Athenians, the Jews, 
be. began their day at sun-setting, which custom is fol« ' 
lowed by the modem Austrians, Bohemians, Silesians 

. Italians, Chinese, Sec The Arabians begin their day 
at noon, like the modem astronomers. The ancient 
Egyptians, Romans, &c. began their day at midnight, 
and this ittethod is followed by the English, French, 
Germans, Dutch, Spanish, and Portuguese. 

61. A SiDERiAL Day is the interval of time from the 
passage of any fixed Star over the meridian, till it re- 
turns to it again : or, it is the time which the earth takes 
to revolve once round its axis, and consists of 23 hours, 
56 minutes, 4 seconds. 
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In elemenUry books of Astronomy and die globes> the learner s* 
generally told that the earth turns on its axis from west to east in 34 
hours ; but the truth is, that it turns on its axis in 93 hours, 56 min- 
utes, 4 seconds, makin|^ about 366 revolutions ui 365 days, or t 
year. The natund day would always consist of 23 hours, 56 minutes, 
4 seconds, instead of 24 hours, if the earth had no other motion than 
that on its axis ; but while the earth has revolved eastward once 
round its axis, it has advanced nearly one degree* eastward in itf 
orbit. To illustrate this, suppose the sun to be upon any particular 
meridian at 12 o'clock, on any day ; in the space of 23 hours, 56 mU 
nutes, 4 seconds afterwards, the earth will have performed one en* 
tire revolution; but it will at the same time have advanced nearly 
one degree eastward in its orbit, and consequently that meridiaa 
which was opposite to the sun the day before, will be now one de« 
gtee eastward of it ; therefore the earth must perform something 
more than one revolution before the sun appears again on the same 
meridian ; so that the time from the sun*s being on the meridian on 
any day, to its appearance on the same meridian the next day, is 24 
hours. 

62. A Solar Year, or tropical year, is the time the 
sun takes in passing through the ecliptic, from one tropic, 
Or equinox, till it returns to it again ; and consists of 
365 days, S hours, 48 minutes, 48 seconds* 

34. ASiDERiAL YEARisthe space of time which the 
sun takes in parsing from any fixed star, till he returns 
to it again, and consists of 365 days, 6 hours, 9 minutes, 
12 seconds; the siderial year is therefore 20 minutes, 
24 seconds longer than the tropical year, and the sun 
returns to the equinox every year befori^ he returns to 
the same point of the heavens ; consequently, the equi- 
noctial points have a retrograde motion. 

64. The Precision or the Equinoxes (or more prop- 
erly the recession of the equinoxes) is a slow motion 
which the equinoctial points have from east to west, 
contrary to the order of the signs, which is from west 
to east. 

This motion, from the best observations, is about 50A 
seconds in a year, so that it would require 25,791 yearsf 
for the equinoctial points to perform an entire revolu- 
tion westward round the globe. , 



* The earth goes round the sun in 365} days nearly ; and the 
ecliptic, which is the earth's path round the sun, consists of 360 de- 
grees ; hence, by t'.e rule of three, as 365iD : 360 deg. : : 1 D : 59m. 
8«ec. 2, the daily mean motion of the earth in its orbit, or the «/>- 
parent mean motion of the sun in a day, 

+ For the circumference of the equator is 360 degrees ; and as 
5lV': lyear. : : 360deg. : 25791 years. 
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In ^e time <^ Htpparcfatis, And tke oldest astronomers, the equ't* 
nocdal points were fixed in Aries and Libra ; but the signs >vhick 
>¥ere then in conjunction with the sun, when he was in the equinox, 
are now a whole sign, or 30 degrees eastward of it ; so that Ai ies 
is now in Taurus, Taurus in Gemini, &c. as may be seen on the ce- 
lestial globe. Hence also the stars which ro^e and set at any par- 
ticular season of the year in the times of Hesiod*, fiudoxusf, Pliny t, 
&c. do not an&wer to the description given by these writers. 

65. Positions of the Sphere are three ; right, par- 
allel, and oblique. 

66 A Right Sphere is that position of the earth 
where the equator passes dirough the zenith and the 
nadir ) the poles being in the rational horizon. The 
inhabitants who have this position of the sphere live at 
the equator ; it is called a right sphere because all the 
parallels of latitude cut the horizon at right angles, and 
the horizon divides them into two equal parts, making 
equal day and night. 

67. A Parallel Sphere is that position the earth has 
when the rational horizon coincides with the equator, 
the poles being in the zenith and nadir. The inhabitants 
who have this position of the sphere (if there be any 
such inhabitants) live at the poles ; it is called a parallel 
sphere, because all the parallels of latitude are parallel 
to the horizon, and the sun a|^ears above the horizon 
for six months together . 

68. An OBLtqiJE Sphere is that position the earth has 
when the rational horizon cuts the equator obliquely, 
^md hence it derives its name. All inhabitants on the 
face of the earth (except those who live exaqtly at the 

* Hesiod was a celebrated Grecian poet, bom at Ascra, in Bceo* 
tia, supposed to have flourished in the time of Homer ; he w&s the 
first who wrote a poem on Agriculture, entitled The Works and the 
Days, in which he introduces the rising and setting of particular 
stars, &c. - Several editions of his works are now extant. 

f Evsozvs was a great geometrician and astronomer, &on) whom 
£ ttclid the geometrician is said to have borrowed p<eat part of his 
elements of geometry. Eudoxus was bom at Cnidus, a town of 
Caria, in Asia Minor ; he flourished about 370 years before Christ. 

+ Pliny, generidly called Pliny the Elder, was bom at Verona, 
in Italy J he composed a work on natural history in 37 books ; it 
treats of the stars, the heavens, wind, rain, hail, minerals, trees, 
fiowers, plants, birds, fishes, and beasts ; besides a geogi*aphical de- 
flcriptioD of every place on the globe, &c. &c. Pliny perished by an 
eruption of Vesuvius, in the 79th year of Christ, from too eager a 
eturiosity in observing the phem^menon^ 
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poles or the equator) have this position of the sphere^ 
and the days and nights are of unequal lengths, the 
parallels of latitude being divided into unequal parts bf 
the rational horizon. 

69. Climate is a part of the surface of the earth con* 
tained between two smaU circles parallel to the equator, 
and of such a breadth, that the longest day in the parallel 
nearest the pole, exceeds the longest day in the parallel 
of latitude next the equator, by half an hour, in the 
torrid and temperate zones, or by a month in the frigid 
zones ; so that there are 24 climates between the equator 
and each polar circle> and six climates between each 
polar circle and its pole. 

From the above deBnitioii it appears^ that all places situated on 
the same parallel of latitude are in the same climate ; but we must 
riot infer from thence, that they have the same atmospherical tem« 
perature ; large tracts of uncultivated lands, sandy deserts, eleva* 
ted situations, woods morasses, lakea» &c. have a considerable effect 
on the atmosphere. For instance in Canada, in about the latitude of 
Paris and the south of England, the cdid is so excessive, ^t the 
greatest rivers are frozen over from December to April, and the 
snow commonly lies from four to six feiet deep. The Andes moun* 
tains, though part of them are situated in the torrid aone, are at the 
summit covered with snow, which cools the air in the adjacent coun- 
try. The heat on the western coast of Africa, after tne wind has 
passed over the sandy detert^ia almost suffocating; whilst that same 
wind having passed over the Atlantic Ocean, is cool and pleasant to 
the inhabitants of the Caribbean Islands. 



I. CLIMATES between the equator and the Polar Circles. 
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j II. Climates between the Polar Ci&ci^es and the Poles. 



2 



XXV 

XXVI 

xxvu 



Encb in 
Lati- 
tude 



D. M 
67 18 
69 33i 



73 
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Breadths 
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of the 


longest 


Climates. 


Day is 




Days M 


D. M. 


30or 1 


— 46 


60— 2 


2 15 


90— 3 


3 32 






Ends in 
Lati- 
tude. 



T). M. 

xxviii'rr 40 

XX iX j82 59 

XXX 190 — 



Where ^^saatlu 
the I of the 
longest Climates* 
Day it. 

""t 
Days m! D. M. 

120or4l 4 35 

150—5 5 19 

180—6. 7 1 



The preceding tables may be constructed by the globe, as will 
be shewn in the problems, but not with that exactness given above. 
Tables of this kind are generally copied from one author into anoth- 
er, without any explanation of the principles on which they are 
founded. 

Construction of the first Table, 

lA plate IV. figure IV. HO represents the horizon, iEQ^the equa- 
tor ^ * ^ a parallel of the sun's greatest declination, MO the ele- 
vation of the pole or .latitude of the place ; the angle e aby meas- 
ured by the arch Q^ 6, the complement of the latitude % ab\% the 
ascensional difference, or the time the sun, rises before 6 o'clock, 
juid b c the sun's declination. Hence, by Baron Napier's rules (see 
Keith^^s Spherical Trigonometry) rad.X*ine a bCZPotangent a* (ar 
tangent NO) Xtangent b c. 

VIZ, As tangent of the sun's greatest declination 230 201^ 
Is to radius, sine of 90 degrees ; 
So is sine of the sun's ascensional difference^ 
To tangent of the latitude ' A general rule; 
At the end of the first climate the sun rises i before 6 ; and in ev- 
ery climate, if you take half the length of the longest day, and de- 
duct 6 hours therefrom, the remainder turned into degrees will g^ve 
the ascensional difierence. Hence, the ascensional difference* 
for the first climate, is 15 minutes of time, equal to 3o 45' ; for the 
second climate 50 minutes::il7** 30' for the third climate 45 minutes 
—11° 15'; for the fourth climate 1 hour rrl5S &c. 



As tangent of 23" 28' 
Is to radius, sine of 90** 
^o is sine of 3« 45' 



9,63761 
10.0000< 

• 8.81660 



To Ungent lat 8^ 34' 9.1 7799 



As tangent of 23** 8' 9.637fil 

is to radius,sine of 90* 10 00000 
So is sine of 7^ 30' 9.1 1570 



ro tangent lat. 1 6' 44' 9.4/ 809 



Construction qf the second Table. 

The longest day is the 2l8t of June, when the 8un*s declination 
is 23^ 28' fiorth. Count half the length of tlie day from the 21st of 
June forward and backward ; find the sun's declination answering 
to those two days in the nautical almanac, dr in a table of the sun's 
declination ; add the two docUnations together, and divide their sum 
by 2, subtract the quotient from 90 degrees, and the remainder is 
the latitude. As the svm*s declination is variable, it ought to be ta- 
ken out of the almanac, or tables, for leap year and the three fol- 
lowing yearS'S a mean of these declinations used as above vtiM give 

D 
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the latitude as correct as the nature of the problem admits, oij anf 
in this manner the second table was constructed.— .Riccioli (aa 
Italian astronomer and'mathematiclan, bom at Ferrara, in the Pole's 
dominions, 1598,} in his Attronomia Rejormata^ published in 1665, 
makes an allowance for the refraction of the atmosphere in a/Cabte 
of climates. He considers the increase of days to be by hidfliours, 
from 12 lo 16^ hours ; by hours, from 16 to 20 hours ; by 2 hours 
from 20 to 24 hours ; and by months in the frigid zones, making 
the number of the days of each momh in the north frigid zcme, some- 
thing more than those in the south ; but, as the refraction of the 
atmosphere is so extremely variable that scarcely, any two mathe- 
maticians agree with respect to the quantity, it is evident that a ta- 
ble of climates, calculated with such an uncertain allowance, can be 
of no material advantage. 

70. A Zone is a portion of the surface of the earth 
contained between two small circles parallel to the equa- 
tor, and is similar to the term climate, for pointings 
out the situations of places on the earth, but less exact; 
as there are <m\y Jive zones, whereas there are 60 cli- 
mates. 

71. The Torrid Zone extends from the tropic of Can- 
ter to the tropic of Capricorn, and is 46° 56' broad. 
This zone was thought by th© ancients to be uninhabit- 
ed; because,it is continually exposed to the direct rays of 
the sun ; and such parts of the torrid zone as were 
known to them were sandy deserts, as the middle of Af- 
rica, Arabia, &c. ; and this sandy desert extends be- 
yond the left bank of the Indus, towards Agemere.— 
But these deserts are not produced merely by the ex- 
cessive heat of the sun, as the ancients imagined ; be<« 
cau&e,it is well known, that moisture is one of the great* 
est inconveniences in several parts of the torrid zone: 

72* The two Temper atp: Zones. The north tempe- 
rate zone extends from the tropic of Cancer to the arc- 
tic circle j and the south temperate zone from the trop- 
ic of Capricorn to the antarctic circle. These zones 
are each 43°4' broad, and were called temperate by the 
ancients, because, meeting the sun's rays obliquely,the3F 
enjoy a moderate degree of heat. 

73. The two Frigid Zones. The north frigid zone, 
or rather segment of the sphere, is bounded by the arc- 
tic circle. The north pole which is 23° 28^ from the 
arctic circle, is situated in the centre of this zone. The 
south frigid zone is bounded by the antarctic circle^ 
distant 23° 28' from the south pole, which is situated in 
the centre of this zone* 
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74. Amfhiscii are the inhabitantsof die torrid zone ; 
so called, because they cast their shadows both north 
and south at diJFerent times of the year ; the sun being 
some times to the south of them at noon, and at other 
times to the north. W hen the sun is verticle, or in the 
zenith, which happens twice in the year, the inhabi- 
tants have no shadow, and are then called Ascii,or shad« 
owless. 

75. Heteroscii is the tTame given to the inhabitants 
of the temperate zones, because they cast their shadows 
at noon only one way. Thus, the shadow of an inhab- 
itant of the north temperate zone always falls to the 
north at noon, because the sun is then directly south ; 
and an inhabitant of the south temperate zone casts his 
shadow towards the south at noon, because the sun is 
due north at that time. 

76. Priescii are those people who inhabit the frigid 
zones, so called, because their shadows, during a revo- 
lution of the earth on its axis, are directed towards eve- 
ry point of the compass. In the frigid zones the sun 
does not set during several revolutions of the earth upon 
its axis. 

77. Antokci are those who live in the same degree 
of longitude, and in equal degrees of latitude, but the 
one has north, and the other south latitude. They have 
noon at the same time,> but contrary seasons of the 
year ; consequendy, the length of the days to the one, 
is equal to the length of the nights to the other. Those 
who hve at the equator have no Antceci. 

78. Peiioeci are those who live in the same latitude, 
but in opposite longitudes ; when it is noon with the 
one, it is midnight with the other ; they hiive the same 
length of days, and the same seasons of the year. The 
inhabitants of the poles have no Perioeci. 

79. Antipodes are those inhabitants of the earth who 
live diameterically opposite to each other, and, conse- 
quently, walk feet to feet ; their latitudes, longitudes, 
seasons of the year, days and nights, are all contrary 
to each other. 

80. The Right Ascension of the sun, or a star, is 
that degree of the equinoctial, Which rises with the 
sun, or a star,in a right sphere,and is reckoned from the 
equinoctial point Aries eastward round the globe* 
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81* Oblique Ascension of the sun, or a star, is that 
degree of the equinoctial which rises with the sun, or a 
star in an oblique sphere, and is likewise counted from 
the point Aries eastward round the globe. 

82. Obliqu\ D sc. nsion of the sun org star, is that 
degree of the equinoctial which sets with the sun or a 
star in an oblique sphere. 

83. Ascensional or Descensional DiFFERKNCE,is the 
difference between the right and oblique ascension, or 
the difference detween the right and oblique descension, 
and with respect to the sun, it is the time he rises be- 
fore 6 in the summer, or sets before 6 in the winter. 

84- The Cri PuscuLUM, or Twilight, is that faint 
Ught which we perceive before the sun rises,and after he 
sets. It is occasioned by the earth's atmosphere refrac- 
ting the rays of light, and reflecting them from the par- 
ticles thereof. The twilight is supposed to end in the 
evening, when the sun is 18 degrees below the horizon, 
or when stars of the sixth magnitude (the smallest that 
are visible to the naked eye) begin to appear ; and the 
twilight is said to begin in the morning, or it is day^ 
breaks when the sun is again within 13 degrees of the 
horizon. The twilight is the shortest at the equator, 
and longest at the poles ; here the sun is near two 
months before he retreats 18 degrees below tlie hori- 
zon, or to the point where his rays are first admitted 
into the atmosphere ; and be is only two months more 
before he arrives at the same parallel of latitude. 

85. Refraction, The earth is surrounded by a body 
of air called the atmosphere, through which the rays of 
light come to the eye from all the heavenly bodies ; and 
since these rays are emitted through a vacuum,or at least 
through a very rare medium^^ and fall obliquely upon 
the atmosphere, which is a dense medium, they will, by 
the laws of optics, be refracted in lines approaching 
nearer to a perpendicular from the place of the obser- 
ver (or nearer to the zenith) than they would be were 
^ -,_j 

* Any fluid, or substance*, through which a ray of light can pene- 
trate, is called a medium, as air, water, oil, glass, &c. The air near 
the surface of the eartli is more dense than itt the higher regions of 
tJie atmosphere ; and beyond the atmospliere the rays of light are 
supposed to meet with little or no resistance. 
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the medium to be removed. Hence, all the heavenly 
bodies appear higher than they really are, and the near* 
er they are to the horizon the greater the refraction, 
or difference between their apparent and true altitudes 
will be ;• at noon the refraction is the least. The sun 
and moon appear of an oval figure sometimes, near the 
horizon, by reason of refraction ; for the under side be* 
ingmore refracted than the upper, the perpendicu- 
lar diameter will be less than the horizontal one, which 
is not aifected by refraction. 

Refraction is variable, according to the different dens-. 
ity of the air ; hence it happens that we sometimes are 
able to see the tops of mountains, towers, or spires of 
churches, which at other times are invisible, though wc 
stand in the same place. The ancients knew nothing of 
refraction, the first who composed a table thereof was 
Tycho Brahe. 

The sun's meridian altitude on the longest day de- 
creases from the tropic of Cancer to the north pole ; 
and in the torrid zone when the sun is vertical there is 
no refraction ; hence, the refraction is the least in the 
torrid zone, and greatest at the poles. Varenius, in his 
geography, speaking of the wintering of the Dutch in No- 
va Zembla, latitude ?6° north,in the year 1596, says,they 
saw the sun in the year 1597 six days sooner than they 
would have seen him, had there been no refraction. 

86. Angle of Position between two places oh the ter- 
restrial . globe, is an angle at the zenith of one of the 
places, formed by the brass meridian, and the quadrant 
of altitude passing through the other place, and is meas- 
ured on the horizon. 

87. Rhumbs aie the divisions of the horizon into 32 
parts, called the points of the compass. The ancients* 
were acquainted only v, ith the foiir cardinal points, and 
the wind was said to blow from that point to which it 
was nearest. 

A Rhumb line, geometerically speaking, is a'loxo- 
dromic or spiral curve, drawn, or supposed to be drawn 
upon the earth, so as to cut each meridian at the same 
angle, called the pi oper angle of the rhumb. If this 
line be continued, it will never return into itself so as 



f lln) *s Xat. Hist. Lib. II. chiip. 4,7, 
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to form a circle, except it happen to be due east and 
west, or due north and south ; and it can never be a 
right line upon any map, except the meridians be paral« 
lei to each other, as in Mercator's and the plane chart. 
Hence, the difficulty of finding the true bearing between 
two places on the terrestrial globe, or on any map but 
those above mentioned. The bearing found by a quad- 
rant of altitude on a globe, is the only measure of a 
spherical angle upon the siu-face of that globe, as de- 
fined by the ang-le of position^ and not the real bearing 
of the rhumb, as shewn by the compass : for, by the 
compass, if a place A bear due east from a place B, the 
place B will bear due west from the place A ; but this 
is not the case when measured with a quadrant of al« 
titude. 

88. The Fixed Stars are so called, because they 
have usually been observed to keep the same distance 
with respect to each other. The stars have an apparent 
motion from east to west,in circles parallel to the equinoc* 
tial, arising from the revolution of the earth on its ax- 
is, from west to east ; and, on account of the precession 
of the equinoxes, their longitudes increase about 501 
seconds in a year ; this likewise causes a variation in 
their declinations and right ascensions : their latitudes 
are also subject to a small variation. 

89. The Poetical Rising and Setting of the 
Stars, so called, because, they are taken notice of by 
the ancient poets, who referred the rising and setting of 
the stars to the sun. Thus, when a star rose with the 
sun, or set when the sun rose, it was said to rise and 
set Cosmically, When a star rose at sun-setting, or set 
with the sun, it was said to rise and set Achronically» J 
When a star first became visible in the morning, after 
having been so near the sun as to be hid by the splen- 
dor of his rays, it was said to rise Heltacally ; and 
when a star first became invisible in the evening, on 
account of its nearness to the sun, it was said to set 
Heltacally* 

90. A Constellation is an assemblage of stars on 
the surface of the celestial globe, circumscribed by the 
outlines of some assumed fiigure, as a ram, a dragon, 
ji bear. Sec. This division of stars into constellations is 
necessary, in order to direct a person to any part of the 
heavens where a particular star is situated. 
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The following TaMes contain all the constellations on the Ken 
Sritish Globct- The northern constellations are in nufnber 34 ; tte 
southern 47 ; the zodiacal constellations are 12 ; amounting in the 
vrhole to 93. The largest stars are called stars of the 6rst nagni- 
tude ; those of the sixth magnitude are the smallest that can he 
seen by the niJced eye. The number of stars in each constellatiot^ 
exeept those marked with asterisks, are taken from Flamstead. 



J. Constellations in tbk Zo- 


Num- 


Names of the firinci" 


niAC« generally called the SigM of the 


ber of 


pal Stars, and their 


Zodiac, 


Stars. 


Magnitudes. 


1. Aries, The Rani, 


66 


ArJetis 2. 


• 




r Ald^baran 1. 


2. Taurus, The Bulh 


141 


< 1 he Pleiades. 
CTbe Hyades. 


3. Gemini, The TVmm^ 


85 


Castor andPoUuzl. % 


4. Cancer, The Crab, 


83 




5. Leo, The Lioni - <• 


95 


CRegulu8,or Lion*! 
i Heart!. ' 


d Virgo, The Virgin, 


110 


CSpica Virginia 1. 
(.Vendemiatriz 2. 


7. Libra, The Balance, 


51 




8. Scorpio, The Scorpion, 


44 


Antares 1. 


9. Sagittarius, The Archer, 


69 




10. Capricornus, The Goat, 


51 




11. Aquarius, The Water-bearer, • 


108 


Scheat 3. ' 


12. Pisces, The Fishes, 


113 


< 
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THE NORTHERN CONSTELLATIONS. 



if. CONS'J ELLATIOiVS NOR I H UF THE 

ZODIAC that rise nearly in the east and 
set nearly in the *u>est, at London. 



t. * Mons Mxnalusy The mountain 
Jktanalics. - t 

2. Serpens, The serpent- 

3. Serpentarius, The serpent-bearer, 

4. * Taurus Poniatowski, Bull of Po- 

ntatoijjski, . - - 

5. • Scutum Sobieski, Sobieski^s shield, 
g CAquila, The eagle, 7 _ 

^Antinbus, 3 " 

7. Equiilus, The little horse. 



in. Constellations north or 
THE ZODIAC that rise to the north of 
the east, and set to the north of the 
viest, at London. 



1. Leo Minor, The litt-.e Lion, 

2. Coma Berenices. Berenice* s hair, 

rt C Asterion et Chara, vei, Canes') 
\ Venatici, The greyhounds^ $ 

4. Bootes, - - - 

5. Corona Borealis, The northern 

cro-sjn, - - 

C Hercules, - • - 

6. < Cerberus, The three-headed 
C Dog, 

7' Lyra, The harp, 

8. Vulpecula et Anser, The Fox and 

Goose, - - - 

9. Sagitta, The arrov), 

10. Delphinus, The Dolphin^ 

11. Pej^asus, The fly i7ig Horse, 

12. Andromeda, 

13. Triangulum, The Triangle^ 

14. Triangulum Minus, The little Tri 

angle, - - - - 

15. * Musca, The Fly, 



Nuni- \ Names of the princi? 
ber of pal Stars, and their 
stars. Magnitude. 



11 
64 

74 

7 
8 

71 
10 

I 

Nufn- 
ber of 
stats. 



53 
43 

25 

54 

21 

113 

21 

35 
18 
18 
89 
66 
11 

5 • 
6 



Ras Alhag^s, 2. 



Altair, 1. 



Names of the princi- 
pal Stars, and their 
Magnitude, 



Deneb, 2. 



A.rcturus, 1 . Mirach,S 

Alphacca, 2. 

Ras Algethi, 3 in the 
head of Hercules. 

Vega, 1. 



Markab, 2. Scbeat, 2 
Mirach,2.Almaach42 



BotFiMlfrrbicg, Sett 



•I 
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IIV CONSTBLLATIONSNORT 



T H E fio D 1 A o , Me vthoU Of gr€at' her of 
tr part 9/ vfhich, do ftot set in tht 
lat{pide of London 



1. Ursa Minor, The little Mear, 

2. Ursa Major, tUk gveat Bear, 

3 *Cor CaioK, Charle^U Mearti 

4 Draco, The Dragon, 
H 5. Cygnus, The Syoan^ 

6. Lacei*ta, The Aizard, 

7. Cephcus, ■ • 

5 Cassopeia, 
C i^erseus, J • 

9 < Capu' Medus^, ffead of 
t Medusa, - _ 

10. Cameleopardaliii, The .Came 

Uopard, 
LI Auriga, The CharioUer ot Wa^ 

goner, - ^ - 

12. L.ynx, The Lynx 



stars. 



34 

87 

3 

80 
81 

16 
3& 
5$ 

5» 

I- 58 

66 

44 



Names <ff the pnutipul 
Stars^ and their Mag 
ttitude. 



Pole Star, 2. 

CDubhe, 2. Alioth, 2. 
^ Benetnachy 2. 

Uaataben, 2. 
Deaeb Adige, |« 

A4deramin, ^ 
Sebedai^,. 3. 

CAlgenib, 2. 
t Algol, 2. 



Capefla, i. 



:S 



THE SUUTHEHN CONSTEllLATtONS. 



Constellations soufH of 
r HE xo Di Ac,Mat risenearfy in the 
ecut ,and set nearly in the xi^est, a$ 

London. 

— i 



1. Cetus, TA/' Whak, 
Eridanus, The river P09 

3 Orion, 

^. Monoceras, The Unkom^ 
S. Canis Minor^^^^ little Vog, 
5 Hydra, --^ . • • 
r. Sextans, The SeMam, 



Num- 
ber of 
star^ 



97 

a# 

78 

31 
14 
60 
41 



Namas ef the principa 
Siars^ and their Ma^- 
nitude. 



Menkar, 2. 
Achen«er, 1. 
CBeUatrix, 2. Bete- 
t gue»e,l.lligei,l 



Procyon, 1. 
Cor Hydra, 1. 



r 



I. CONSTELLA nONSSOUTU OF 

THE ZODIAC, that rise totJut 
south of the east, and set to the wvth 
of the vtest, at London, 



iM* 



*Micr08copium, Hie Microscope 

Fiscis Notius vel Australis, The> 

southern Fish. . 
p, *Officina Scttlptoria, 7^ Sculp- 
I tor*sshop, • • . • 

k<. * Fornax Chemica, The Furnace, 
p. *Brandenbur^ium Sceptrum, 

The Sceptre of Brandenhurg,, 
6. Lepus, The Hare, 
7 *Coliimba Noachi, NoahU Dove, 

■ ■■III II —nil .»■ iiil 



Nu^it' 
her of 
stars. 



10 

24 

X2 
14 

3 
19 
10 



Names of the principal 
Stars and their Mag 
nitude. 



Fomalhaut, 1. 



'wr 



I 



I 



26 



DsrnnTTOKS, be. 



Vl. CoKSrBLI^ATIQjri, &C COntf lilMi2^ |N^> &C. 



"'I*' 



^. Canis Major, The great Dog^ 
9. •Pyxis Nautica, The Mariner^e 
CofnfmsSf • • . - 

10. * Machina Pneumattca, The air pump 

11. Crater, The Cup or Goblet, 

12. Corvua, The Crov>t 



Names, 5 c. 



SiriuSy 1. 



31 

4 

3 

31 Alkes, S. 
9 lAlgorab, 3. 



VII. CoNSTBLLATlO.'fS SOOTH OF 

THE xoDiAC, the whole J or greater 
pant ff fvhichf do not rise in the lati 
tude of London. 



1. Ceataurus, The Centaur , 

2. Lupus, The Wolf, 

3. *Nonna, vel Quadra £uclidb« Jffn- 
' clid^t Squarey 

4. 'Circiiiity The Compaeeee, 

5. *Trianguluiii Australe, The tmtth^ 
em Triangle, 

6. •Crux, The Croee, 

7. •Musca Australis, vel Apis, The 
southern Fly, or Bee, 

8. •Chamo^eon, The Cameleon, 
9 Ara, The Altar, 

10. •Telescopium, The Telettope, 

1 1. CoronaAustralis, The southernCromn 

12. •Indus, The Indian, 
13 *Grusj The Crane, 

14. •Pavo, The Peacock, 

15. * \pU8, vel Avis Indlca» The bird 
of Paradise, 

16. •Octans Hadleianos, Madlefe 
Octant, 

17. •Phanix, - - - 

18. *Horologium, The Clock, ' 

19. 'Reticnlus Rhomboidaiis, The 
Rhemboidal ITet, 

20 'Hydrus, The Water -snake, 

.1. •Touchan, The Atnerican Goose, 

'2t? •MonsMensx, The Table Mountain 

23. •Praxiteles, vel Cela Sculptoria, 
The Gravers' or Engravers^ Tools, 

24. •Equuleus Pictonus, The Painter's 
Ease"., • - • 

25. *!^orado or Xiphias, The Sv)ord 
Fish, 

26. Argo Navis, The Ship Argo, 

27. •Piscis Volans, The Jiving Fish, 
i;8. •Robur Caroli, CharlesU Oak, 



Num- 
ber rf 
Stars. 



35 

24 

12 

4 

5 

5 

4 

10 
9 
9 
12 
12 
13 
14 

11 

43 
13 

12 

10 

10 

9 

30 

16 

8 

6 
64 

8 
12 
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, ^ -ftrlnrliam remufeed in the 13th definition (pa^ 4)» v^kcre some 
account of the origin of the twelve signs of toe 2odiac is gC'en, that 
tiae Chaldeans and Egyptians registered the eventsof their histories. 
Sec. among the stars, by emblematical figures, and that tlus method 
vrtLS fallowed by the Greeks and the Romans ; thougli the history of 
many of the consteilations is involved in fable, an abstract ol' the 
most generally received (pinions of their origin may not be uninter« 
eating. 

I, THE NORTHEBN CONSTELLATIONS, 

• MoNS MiCKALVS. The mountain Maenalus in Arcadia was sa- 
cred to the god Pan, and frequented by shepherds : it received its 
-flame from MienaluS, a son of Lycaon king of Arbadia. 

Serpens is also called Serpetts Ophiuchi^ being grasped by the 
^ands of Ophiuchus. 

Serpent A Ri us, Ophiuchus, or Msculapius, is represented with e 
large beard, and hoiking in his two hands a serpent The serpent 
vr-M the symbol of medicine, and of the gods who presided over it, at 
Apollo and i£scula{nus, because the ancient physicians used ser* 
pents in their prescriptions. 

TAuairs Poniatowski was so called in honor of Count Ponia# 
to V ski, a Polish officer of extraordinary merit, who saved the life 
of Charles XII. of Sweden, at the battle of Pultowa, a town near 
.the Dnieper, about 150 miles south east of Kiow ; and a second 
time at the island of Rugen, near th^ mouth of the river Oder. 

Scutum Sobieski was so named by Hevelius, in honor of Johil 
Sobieski, king of Poland. Hevelius was a celebrated astronomePi 
bom at Dantzick : his catalogue of fixed stars was entitled Ftrmuf 
tnentufn Sokieskianuntf and dedicated to the king of Poland. 

A Qu I LA is supposed to have been Merops, a king of the Island of 
.Cos, one of the Cyclades ; who, according to Ovid, was changed 
into an eagle, and placed among the constellations. 
' AntinSus was a youth of Bvthinia in Asia Minor, a great favor» 
ite of the emperor Adrian, who erected a temple to his memory^ 
and placed him among the consteUation8.«-Antinous is generally 
reckoned a part of the constellation Aquila. 

EitiTVLVS, the little ho**se, or Equi Sectio, the horse^shead, is sup* 
posed to be the brother of Pegasus. 

, Leo Minor was formed out of the Stella Infomtet, or unform* 
ed stars of the ancients, and placed above Leo the zodiacal con- 
stellation. According to the Greek Fables, Leo was the ceiebraied 
-Kemasan lion which had dropped from the moon, but being slain by 
Hercules, was elevated to the heavens by Jupiter, in commemora- 
.tion of the dreadful conflict, and in honoir of that hero. But this 
eonstellation was amongst the Egyptian hierogljrphics, long before 
the invention of the fables of Hercules. See the notes on definition 
13tb, pag^4. Nemaca was a town of Argolis in Peloponnesus, and 
was infested by a lion which Hercules slew and cloUied himself in 
his skin : games were instituted to commemorate this g^at event* 

Coma iiSRENicss is composed of the unformed stars, between 
the Lion's tail and Bootes. Berenice was the wife of Evergetes, a 
surname signifying benefactor ; when he went on a dangerous ex- 
pedition, she vowed to dedicate her hair to the goddess Venus if 
lie ii^turned in safety. Some time ailer the viotorious return of 
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jed i and Coiion, an astronomer^ publicly reported lliat Jupiter had 
carried them auray^ and made them a con^tella^on. 

AaTBRfO^r XT CHAKA, VQL Caiiiui VsKAi xci» the two gaey- 
))ound8| held in a airing by Bootca • they were formed by Heveliis 
.put of the Stella, LiformeM of the ancient cataioguea. 

BdoTe^ is supported to be Areas, a son of Jupiter, and Caliatoj 
Juno, who was jealous of Jupiter, changed Calisto into a bear : ahe 
^as near being l(illed by her son Areas in hunting Jupiter, to pre-* 
yent furtl^er injury from the huntsmen^ made Calisto a constellation 
of heaven, and on Ae death of Areas, conien'ed the same honor on 
him Bootes is represented as a man in a walking posture, grasp* 
Jing in his left )umd a clubf und having his right hand extended up- 
^ardst holding, the cord of the two dugs Asterion and Char% 
w)iich seem to be barking at the great bear -, hence, fi<iotea is some*^ 
iimea Called the bear-driver» and the oflBee aaaigned him is to drive 
the two bears round about the pole. 

CorOna BoBEAi'id 19 ft beautiful crovtrn given by B^ichus, the 
•on of Jupiter, toAi-is^dne, the daughter of Minos, second king of 
Crete. Backus is said to have married Ariadne after she was basely 
.deserted by These\^Sy king of Athens, and after her death the crown 
which Bachus bad given her was made a constellation. 

Herculbs is represented on the celestial gldb^ holding a club in 
bis right b^nd, the three -^headed dog Cerberus in his left, and thte^ 
«kin of the Nema^an Lion thrown over his shoulders Hercules 
:>rks tiie son pf Jupiter and Alcm^na, uoid reckoned the; most famouB 
hero in antiquity. ' 

Cerberus was a dpg belonging to Pluto, the {^d of the infer*.;^ 
nal region^ t thi^ dog had fifty heads, according to Hesiod, and • 
ihree according to other my thologists. He was stationed at the en^ 
trance of the infernal regions, as a watchful keeper, to prevent the 
living from ^*tering, and the dead from escaping from their con* 
finenient. The last and most dangerous exploit of Hercules was 
to drag Ccrbenist frqm tlie ipfernal regions, and Wing him before ^ 
]^urystheus king of Argus. 

Lyra, the lyre or harp is included in Vuhuf Cadens. This cont 
^tellktion was at first a tortoise, afterwards a lyre, because the stringy 
df the lyre were originally fixed to the shell of a tortoise : it is as-> 
^erted tliat this is the lyre which Apollo or Mercury gave to Orphe- 
us, ai^d with which he descended the infernal regions in search of 
)iis wife Eurydice. Orpheus, afler death, received divine honors^ 
the muses gave an honorable burial to his remains, and his lyre bet 
^ume one of the consteliations. 

VuLPiucuLA. ET Akser, thc Fox Rnd thc Goose, was made by 
HeveUus out of the imformed stars of the ancients. 

Sagitta, the Ar ow. The Gieeks say that this consteUatioi| 
owes its origin to one of the arrows of Hercules, with which he 
killed the eugle or vu'ture that perpetually gnawed the liver of Pro* 
inetheus, who was tied to a rock on Mount Qaucasus, by order at 
Jupiter. 

Delphinus, the dolphin, was placed among the constellation^ 
by Neptune, because, by means of a dolphin Amphitr|te became the 
wife of Neptune, though she had made a vow of perpetual ce^ 
{ibacy. 

Pegasus, the winged horse, according to the Greeks, sprung from 
the blood of the Gor^^ Medusi^ af^er f er|<^U8» a son of Jupker^ 
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h$A tHl mff licr iiea^ Pegftsns fixed his residence on mount Heli- 
con in JBceotia, where^ by strikii^ the earth with his foot, he produc* 
ed a fountain called Hippocrene. He became the favorite of the 
Muses» and being afterwards tamed by Neptime, or Minerva, he 
was given to Betterophonto conquer the Chimacra, a hideous mon- 
ster that continually vomited flames ; the foreparts of its body were 
those of aUon, the middle was that of a goat, and the hinder parts 
ipsve those of a dragon ; it had three heads, vis. that of a lion, a 
goat» and a dragon. After the destruction of this monster, BeUer- 
4iphon attempt^ to fly to heaven upon Pegasus, but Jupiter sent an 
insect which stung the horse, so that he threw down the rider.^^ 
Beilerophon fell to the earth, and Pegasus continued his flight up to 
heaven, and was placed by Jupiter among the constellations. 

AHDBOME0A is represented on the celestial globe by the fi^re 
of a woman almost naked, having her arms extended, and chained 
by the wrist of her right arm to a rock. She was the daughter of 
Cepheus, king of ^Ethiopia, who, in order to preserve his kingdom* 
was obliged to tie her naked to a rock near Joppa, now Jvfa, in 
Syria, to be devoured by a sea monster ; but she was rescued by 
Perseus, in his return from the conquest of the Gorgons, who turn- 
ed, the monster into a rock by shewing it the head of Medusa. An- 
dromeda was made a constellation after her denth, by Minerva. 

TaiAMdvLUM. A triangle is a well knoun figure in geometry. . 
■It was placed in the heavens in honor of the most fertile part of £• 
^gypt, being called the delta of the Nile, from its resf mblance to the 
Greek letter of that name ^. The invention of geometi-y is usual- 
}y ascribed to the flgyptians^ and it is asserted, that the annui 1 inun- 
' j^lations of Uie Nile, which swept away the bounds anci land-marks 
of estates, gave occasion to it, by obligingthe Egyptians to con&ider 
the figure and quantity belonging to the several proprietors. 

Ursa Major is said to be Calisto, an attendant of Diana the 
goddess of hunting. Calisto was changed into a bear b)^^ Jui\o.^See 
the cofutellation Bootet. — It is farther stated, that the ancients repre- 
sented Ursa Major and Ursa Minor, each, under the form of a wag- 
gon, drawn by a team of horses. IJrsa Major is well known to the 
country people at this day by the title of CharMs Wain or waggon ; 
in some places it is called the Plough. There are two remarkable 
stars in Ursa Major, considered as the hindmost in the square of 
the wain, called the pointers, because an imaginary line drawn 
through these stars and extended upwards, will pass near the pole- 
star in the t&il of the Little Bear. 

Con Caroli, or Charles's heart, in the neck of Chara, the south- 
ernmost of tlie two dogs held in a string by Bootes, was so denomi- 
iiated by Sir Charles Scarborough, physician to king Charles II in 
honor of king Charles I. 

.Draco. The Greeks gfive various accounts of this constellation ; 
by some it is represented i^s the watchful dragon which guarded the 
golden apples in the garden of the Hesperides, near mount Atlas in 
Africa : und was slain by Hercules : Juno, who presented these 
apples to Jupiter on the day of their nuptials, took Draco up to 
heaven, and made a constellation of it as a reward for its faithfUl 
services ; others maintain, that in a war with the giants, this dragon 
^as brought into combat, and opposed to Minerva, who seized it in 
hey hands, and threw it, twisted as it was, into the heavens round 
the axis of the earth, before it had time to unwind its contortions. 

ptf^irys is fabled by the Greeks to be the swan under the form of 
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which Jupiter deceived Leda» or Nemeus, the wife df Tjmdanii^ 
king of Laconia. Leda was the mother of PoUux and Helena^ the 
most beautiful woman of the age ; and also of Castor and Ciytem- 
nestra. The two former were deemed the offspring of Jupiter, and 
the others claimed Tyndarus as their father. 

Lacbrta, the lizard, was added by Hevelius to the old constel- 
tions. 

CASftioFEiA was the wife of Cepheus, and mother of Androme^ 
da- See theie constellations, <u also Cetus, 

C E p u E U.S was a khig of Ethiopia, and the &ther of Andromeda bj 
Cassiopeia ; Cepheus was one of the Argonauts who went witn 
jHSi>n to Colchis to fetch the golden flece. 

Perseus is represented on the elobe with a sword in his nght 
hand, the head of Medusa in his left, and wings at his ancles. Per* 
seus was the son of Jupiter and Danae. Pluto the god of the in- 
feinal regions, lent him his helmet which had the power sf render- 
ing its bearer invisible $ Minerva the goddess of wisdom furnished 
him with her buckler, which was resj^endent as glass ; and he re- 
ceived from Mercury wingfs and a dag^r or sword ; thus equipped, 
he cat off the head of Medusa, and from the blood which dropt from 
it in his passage through the air, sprang an innumerable quantity of 
serpents which ever after infested the sandy deserts of Lybia. Me* 
dusa WHS one of the three Gorgons who had the power to turn into 
stones all those on whom they fixed their eyes ; Medusa was the 
only one subject to mortality : she was celebrated for tf le beauty of 
her locks, but having violated the sanctity of the temple of Minenra» 
that goddess changed her locks into serpents. See the constellation^ 
Andromeda w 

Camel EOF ARD ALUS was formed by Hevelius. The Cameleop- 
ard is remarkably tame and tractable ; its natural properties resem- 
ble those of the camel, and its body is variegated with spots like 
the leopard. This animal is to be found in Ethiopia and other parts 
of Africa : its neck is about seven feet long, its fore and hind legs 
from the hoof to the second joint are nearly of the same length ; 
but from the second joint of the legs to the body, the fore legs are 
so long in comparison with the hind ones, that the body seems to 
slope like the roof of a house. 

Auriga is represented on the celestial globe by the figure of a 
man in a kneeling or sitting posture, with a goat ana her kids in his 
left hand, and a bridle in his right. The Greeks g^ve various ac-. 
counts of this constellation : some suppose it to be Erichthanius, the 
fourth king of Athens, and son of Vulcan and Minerva ; he was 
very deformed, and his legs resembled the tails of serpents ; he is 
said to have invented chariots and the manner of harnessing horses 
to draw them. Others say that Auriga is Mirtilis a son of Mercury 
and Phaetusa ; he was charioteer to Oenomaus. king of Pisa, in £^^ 
is, and so experienced in ricUng and the management of horses, that 
he rendered those of Oenomaus the swiftest in all Greece ; his infi« 
delity to his master proved at last fatal to him, but being a son of 
Mercury he was made a constellation after his death. But as nei^ 
ther of these fables seems to account for the goat and her kids, it has 
been supposed that they refer to Amalthaea, daughter of Melisus^ 
Kng of Crete, who, in conjunction with her sister Melissa, fed Ju* 
piter with goats' milk ; it is moreover said that Amalthaea was a goat 
^fdl^ Olema, from its residence at Olenus^ a town of Peloponne^iuu 
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.The L Yioc was composed by Herelius out of the unformed stars 
or the anoientsy between Auriga and Ursa Major. 

IL THE SOUTHERN CONSTELLATIONS. 

Cetus, the whale, is pretended by the Greeks, to be the sea- 
nonster which Neptune, brother to Juno, sent to devour Androme- 
da ; because her mother, Cassiopeia, had boasted herself to be fair- 
er than Juno and the Nereides. 

Erida wus, the river Po, called by Virgil the king of rivers, was 
placed in the heavens for receiving Phsettm, whom Jupiter struck 
with thunderbolts when the earth was threatened with a general 
eonflagration, through the ignorance of Phaton, who had pi-esum- 
cd to be able to guide the chariot of the sun. The Po is sometimes 
called Orion'^ river. 

Orion is represented on the globe by the figure of a man with a 
iword in his belt, a club in his right hand, and the skin of a lion io 
his left ; he is said by some authors to be the son of Neptune and 
Euryale, a famous huntress ; he possessed the disposition of his 
mother, became the greatest hunter in the world, and boasted that 
there was not any animal on the earth which he could not conquer. 
Others say, that Jupiter, Neptune, and Mercury, as they travelled 
over Baeotia met with great hospitality from Hyrieus, a peasant of 
the country, who was ignorant of their dignity and character. Whea 
H3nrieus had discovered that they were gods, he welcomed them by 
thiB voluntary sacrifice of an ox. Pleased with his piety, the gods 
fmimised to grant him whatever he required, and the old man, who 
had lately lost his wife, and to whom he made a promise never to 
marry again, desired them that, as he was childless, they would 
give him a son without obliging him to break his promise. The 
gods consented, and Orion, was produced from the hide of the ox. 

MoNOCRuos, the Unicorn, was added by Hevelius, and compos- 
•f stars which the ancients had not comprised within the outlines 
of the other constellations. 

C A iris Minor, the Little Dog, according to \he Greek fables, is 
<me of Orion's hounds s but the Eeyptians were most probably the 
inventers of this constellation, and as it rises before the dog star, . 
which at a particular season was so much dreaded, it is properly 
jepresented as a little watchful creature, giving notice of the oth- 
^s approach : hence, the Latins have called it Antecanis, the 
ftar before the dog. 

Hts^a is the water serpent which according to poetic fiible in« 
fested the lake Lema in Peloponnesus : this monster had a g eat 
■umber of heads, and as soon as one was cut off another grew in its 
stead ; it was kiUed by Hercules. The general opinion is that this 
Hydra was only a multitude of serpents which infested the marshes 
•f Lema. 

Sbxtans, the Sextant, a mathematical instrument well known 
to mariners, was formed by Hevelius from the StelU Infornut of the 
-ancients. 

MiCROScopivM, the Microscope, is an optical instrument com- 
]posed of lenses or mirrors; so arranged that by means of which ve* 
ry minute objects may be clearly and distinctly viewed. 
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Pisoss Av«TSALii» the soutfaem fish, it suppoi^ by t3ifr6f«cltp 

to be Venus, wtu> transfomied herseif into a nsh, ta escape froi# 
the terribJe g^ant Typhoa. 

Lspvs, the hare, accordin^r to the Greek fables, was placed neiff 
Orion, as beings one of the animals which he hunted 

C ANis Major, the Great Dog, according to the Greek fables, is 
one of Orion's hounds i (Set Cants Minor) hut the Egyptians, who 
carefully watched the rising of this constellation, and by it judj^eA 
of the swelling of the Nile, caUedthe bright star Sirius the oentinelb 
and watch of the year ; and, according to their heiroglyphical man^ 
ner of wilting, represented it under the figure of a dog. The Egyp* 
tians called the Nile Siru, and hence is deiived the name of th«iU^ 
deity, OsirU. 

Cor V us, the Grow, was, according to the Creek fables* made % 
constellation by ApoUo ; this god being jealous of Coronis (diOs 
daughter of Phlegyas and mother of i£sculapius) acsnt a orow Uk 
watch her behaviour ; the bird, perched on a tree, perceived h«r 
criminal partiality to Ischys, the Thessahaa, and acquainted Apollo, 
with her conduct 

Ce N T A u R us. The Centauri were a people of Thessalv, half row* 
and half horses. The Tbessalians were celebrated fi>r their skill 1% 
taming horses, and their appearance on horseback was so uncoaiL«$ 
mon a sight to the neighbouring states, that, at a distance, they im%« 
gined the man and horse to be one animal ; when the Spaniard* 
landed in America and appeared on horseback, the Mexicaiui had 
the same ideas. This compellation is by some supposed to repre»^ 
sent Chii'on the Centaur, tutor of Achilles* vEsculapius, Hercule^ 
&c. i but as Sagittarius is likewise a Centaur, others have c0btende4r 
that Chiron is represented by Sagittarius. 

Crux, Crusrro, or Croi<ibr There are fbur stars in this co^e 
steilation forming a cross, bv which mariners sailing in the south* 
ern hemispitere, readily find tue situation of the Antarctic pole. 

Ara is supposed to be the altar on which the Gods swore before 
their combat with the giants* 

Argo Navis is said to be the ship Argo, which carried JasoU; 
asd the Argoi.auts ^o Colchis, to fetch the golden fleece. 

KoBUR Car-.'LI. or Charles's Oak, was so called by Dr. Hidley^, 
in memoiy of the tree in which C'l&v'es II. saved himself from bi^ 
purauers after the battle of Worcester. Dr. Halley went to $tb 
Helena, in the year 1676, to take a catalogue of such stars aa do not 
rise above the horizon of London. 

91. Galaxy, via lactea, or SRlky^way^ is a whit- 
ish luminous tract which seems to encompass the heavensl 
like a girdle, of a considerable, though unequal bread th^ 
varying from about 4 to 20 degrees. It is composed of 
an infinite number of small stars, which, by their joint' 
light, occasion that confused whiteness which we per-^ 
ceive in a clear night when the moon does not shine 
very bright. The Milky-way may be traced on the 
celestial globe, beginning at Cygnus, through CepheuSt 
Cassiopeia^ Perseus, Auriga, Orion's club, the feet of 
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Gemini, part of Monoceros, Argo, Navis, Robcr Caroli, 
Crux, the feet of the Centaur, Circinus, Quadra Jbucli- 
dis, and Ara ; here it is divided into two parts, the 
pastern branch passes through the tail of Sc<^io, the 
bow of Sagittarius, Scutum Sobieski, the idit of Anti«* 
nous, Aquiia, Sagitta, and Vulpecji^ ; the western 
branch passes through th$ua^>,p«V't)^rt of the tail of Scor* 
pio, the right side of^erpenurius, Taurus Poniatowski^ 
the Goose, and the neck of Cygnus, and meets the 
aforesaid branch in the body oi Cygaus. 

92. Nebulous, or cloudy ^ is a term applied to cer- 
tain fixed stars, smaller than those of the 6th magnitude^ 
which only shew a dim hazy light like little specks or 
clouds: In Praesepe in the breast of Cancer, are reck- 
oned 3.6 little stars ; F* le Compte adds, (hat there are 
40 such stars in the Pleiades, and 2oOO in the whole 
Constellation of Orion. It may be ftirther remarked, 
that the Milky- way is a continued assemblage of Ne- 
bulse. 

93. Bayer's Characters. John Bayer of Augs- 
burg in Swabia, published in 1603, an excellent work, 
entitled Uranometrta^ being a complete celestial atlas 
of all the constellations, with the useful invention of 
denoting the stars in every constellation by the letters of 
the Greek and Koman Alphabets ; setting the first 
Greek letter « to the principal star in each constella- 
tion, /S to the second in magnitude, y to the third, and 
so on, and when the Greek alphabet was finished, he 
began with a, A, c, Ike. of the Roman. This useful 
method of describing the stars has been adopted by all 
succeeding astronomers, who have farther enlarged it 
by adding the numbers, 1,2, 3, &c. in the same regular 
succession, when any constellation contains more stars 
than can be marked by the two alphabets. The figures 
are, however, sometimes placed above the Greek letter, 
especially where double stars occur : for, though many 
stars may appear single to the naked eye, yet when 
viewed through a telescope of considerable magnifying 
power, they appear double, triple, &c. Thus, in Dr. 

' Zach's Tabulse Motuura, Solis, we meet with f Tauri, 
$ Tauri, y Tauri, S* Tauri, l^ Tauri, &c. 
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As the Greek letters so frequently oceur in catsldgoes of the stam 
ftnd on the celestial globes, the Greek alphabet is here introduced 
for the use of those who are unacquainted with the letters, .he 
capitals are seidom used in the catalogues of stars, but are here 
given for the sake of regularity. 

THE GREEK ALPHABET. * 



A 

B 
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z 

H 

e 
t 

Jt 

A 

N 

& 
O 

n 
p 

T 

Y 

X 

94. Planets are opaque bodies, similar to our earili, 
which move round the sun in certain periods of time* 
They shine not by their own light, but by the refiectioa 
of the light which they receive from the sun. The 
planets are distinguished into primary and secondary* 

95. The Primart Planets regard the sun as their 
centre of motion. There are 7 * Primary Planets, dis* 



* An eighth primary planet called Ceree, was discovered by M. 
Piazzi of Palermo, in* isieily, on the 1st of January 1801 ,- a nlntU 
called Pallas, wax discovered b} Dr. Olbers, of Bremen, on th« 
28th of March, 1802^ and otheni hftve since been di&eovered. See 
PartU. chap.I. 
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tinguished by the following characters and names, viz* 
g Mercury, § Venus, q the earthy ^ Mars, ^ Ju- 
piter, ij Saturn, and ¥ the Georgium Sidus. 

96. The Secondary Planets, satellites or moons^ 
regard the primary planets as their centres of motion ; 
thus, the moon revolves round the Earth, the satellites 
of Jupiter move round Jupiter, &c. There are 18 
secondary planets. The earth has one satellite, Jupiter 

Jour^ Saturn seven^ and the Georgium Sidus six, 

97. The Orbit of a planet is the imaginary path it 
describes round the sun* The earth's orbit is the 
ecliptic. 

98. Nodes are the two opposite points where the 
•rbit of a planet seems tb intersect the ecliptic* That 
where the planet appears to ascend from the south to the 
north side of the ecliptic, is called the ascending or north 
node, and is marked thus £2 ; and the opposite point 
where the planet appears to descend from the north to 
the south, is called the descending or south node, and 
is marked ?S. 

« 

99. A.SPECT of the stars or planets, is their situa- 
tion wiih respect to each other. There are five aspects, 
viz. 6 Conjunction^ when they are in the same sign and 
degree ; ?K Sextile^ when they are two signs, or a 
sixth part of a circle distant , CU ^artile^ when they 
are three signs, or a fourth part of a circle, from each 
other ; A Trine^ when they are four signs, or a third 
part of a circle, from each other ; 9 Opposition^ wheQ 
they are six signs, or half a circle from each other 

The conjunction and opposition (particularly of the 
moon) are called the Syzyzgies^ and the quartile aspect^ 
the Quadratures. 

100. DiRECT. A planet's motion is said tobedi* 
rect when it appears (to a spectator on the earth) to go 
forward in the zodiac according to the order of the 
signs. 

101* Stationary. A planet is said to be stationa- 
ry, when (to an observer on the earth) it appears for 
some time in the same point of the heavens. 

102. Recrograde. a planet is said to be retro* 
grade, when it apparently goes backward, or contrary tD 
^e 0rder of the signs* 
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103. Digit, the twelfth part of the sun's or moon's 
apparent diameter. 

104. Disc, the face of the sun or moon, such as it 
appears to a spectator on the earth ; for though the sun 
find moon be really spherical bodies, they appear to be 
circular plains. 

105. Geocentric latitudes apd longitudes of the 
planets, are their latitudes and longitudes as seen from 
the earth. 

106. Heliocentric- latitudes and longitudes of the 
planets, are their latitudes and longitudes, as they would 
appear co a spectator situated in the sun. 

107. Apogee or Apogseum is that p6int in the orbit 
of a planet, the moon, &c. which is farthest from the 
earth. 

108. Perigee or Perigapum is that point in the orbit 
of a planet, the moon, &c. which is nearest to the earthy 

109. Aphelion or Aphelium is that point in the or- 
bit of the earth„or of any other planet, which is farthest 
from the sun. This point is caUed the higher Apsis. 

110. Perihelion or Perihelium is that point in the 
orbit of the earth, or of any other planet, which is nearest 
to the sun. This point is called the lower Apsis. 

111. Line of the Apsides is a straight line joining 
the higher and lower Apsis of a planet ; viz. a line 
joining the Aphelium and Perihelium. 

1 12. Eccentricity ot the orbit of any planet is the 
distance between the sun and the centre of the planet's 
orbit. 

113. Occult ation is the obscuration or hiding 
from our sight any star or planet, by the interposition of 
the body of the moon, or of some other planet. 

114. Transit is the apparent passage of any planet 
over the face of the sun, or over the face of another 
planet. Mercury and Venus, in their transits over the 
sun's disc, appear like dark specks* 

115. Eclipse OF the Sun is an occultation of part of 
the face of the sun, occasioned by an interposition of 

' the moon between the earth and the sun ; consequently^ 
all eclipses of the sun happen at the time of new moon* 

116. EcLTPsE OF THE MooN is a privatiou of the 
light of the moon, occasioned by an interposition pf the 
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^arth between the sun and the moon ; consequently^ aU 
eclipses of the moon happen at full moon. 

1 ir. Elongation of a planet is the angle formed l^ 
two lines drawn from the earth, the one to the sUn and 
the other to the planet.* 

118. Diurnal Argh b the arch described by the/ 
sun, moon, or stars, from their rising to their setting.— 
The sun's semifdiumal arch is the arch described in half 
the length of the day* 

119. Nocturnal Arch is the arch described by the 
«un, moon, or stars, from their setting to thtir rising, 

120. Aberration is an apparent motion of the celes* 
tial bodies, occasioned by the earth^s annual motion in 
ix& orbit, combined with the progressive motion of light. 

121. Centr: PF.TAL FoRCi IS that force with which 
amoving body is perpetually urged towards a centre, and 
made to revolve in a curve instead of proceeding in a^ 
straight line, for all motion is naturally rectilinear.*^ 
Centripetal force, atti*action, and gravitation, are terms 
of the same import. 

122. Centrifugal Force is that force with which 
a body revolving about a centre, or about another body, 
endeavours to recede from that centre, or body.— There 
are two kinds of centrifugal force, viz. that which is 
given to bodies moving round another body as a centre, 
usually called the ProjecUle Force^ and that which bo- 
dies acquire by revolving upon their own axes. Thus, 
for example, the annual orbit of the earth round the 
sun is described by the action of the centripetal and pro- 
jectile forces > — And, the diurnal rotation of the earth 
on its axis gives to all its parts a centrifugal force pro- 
portional to its velocity. Sir Isaac Newton has de- 
monstrated, that the " centrifugal force of bodies at the 
equator, is to the centrifugal force with which bodies 
recede from the earth, in the latitude of Paris, in the 
duplicate ratio of the radius to the co-sine of the lati- 
tude.-^And, that the centripetal power in the latitude 

• This and some of the preceding definitions are given toiKustpatc 
the 38th and 39ih pa^es of White's ephemeris, called Speculum 
Phanomemrum^ The words elong max signify the greatest elongti* 
tion of a planet. In plate II. Fig. 2. K represents the earth, V Vc- 
nua« and S the Sun. The elongation is the angle VES, measured by 
ttie *pcll VS. 
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6f Paris is to the centrifugal force at the equtor as 
2«9 is to 1."* 

GEOGRAPHICAL THEOREMS. 

1. THE latitude of any place is equal to the eleva- 
tion of the polar star (nearly) above the horizon, and 
the elevation of the equator above the horizon, is equal 
to the complement of the latitude, or ivhat the latitude 
wants of 90 degrees. 

2* All places lying under the equinoctial, or on the 
equator, have no latitude, and all places situated on the 
first meridian have no longitude ; consequently, that 
particular point on the globe where the first meridian 
intersects the equator, has neither latitude nor longi- 
tude. 

3. The latitudes of places increase as their distances 
from the equator increase. The ^eatest latitude a 
place can have is 90 degrees. 

4. The longitudes of places increase as their dis-* 
tances from the first meridian increase, reckoned on the 
equator. The greatest longitude a place can have is 
180 degrees, being half the circumference of the globe 
at that place ; hence, no two places can be at a greater 
distance from each other than 180 degrees. 

5. The sensible horizon of any place changes as often 
as we change the place itself. 

6. All countries upon the face of the earth, in respect 
to time, equally enjoy the light of the sun, and are 
equally deprived of the benefit of it ; that is, every in- 
habitant of the earth has the sun above bis horizon for 
six months, and below his horizon^or the same length 
of time.f 



• Princip. Prop, XIX Book III. 
f This though nearly true is not accurately so. The refraction 
in high latitude^ is very considerable, (see definition 85th) and neap 
the poles the sun .will be seen for several days before he comes a- 
boye the horizon ; and he will for the same reason be seen for sev- 
eral days after he. has descended be!ow the hbrizon — The inhabt-< 
tants of the poles (if any) enjoy a very large degree of twilight, the 
sun being nearly two months before he retreats 18 degrees below 
the horizoOf or to the point where his rays are tot admitted inta 
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7. In all places of the earth, except exactly under the 
poles, the days and nights are of an equal length (viz. 13 
hours each) when the sun has no declinauon, that is on 
the ^Ist of March, and on the 23d of September. 

8. In all places situated on the equator, the days and 
nights are always equal, notwithstanding the aLteratioa 
of the sun's dQcliuation trom north to south, or from 
-south to north. 

9. In all places, except those upon the equator, or at 
the two poles, the days and nights are never equal, but 
when the sun enters the signs of AriesAnd Libra, viz< 
on die ilat of March, and on the aSd of September, 

10. In all places lying under the same parallel of lat> 
itude, the days and nights, at any particular time, are 
always equal to each other. 

11. The increase of the longestdays from the equa> 
tor, northward or southward, does not bear any certain 
ratio to the increase of latitude ; if the Icngest days 
increase equally, the latitudes increase unequally. This 
is evident from the table of climates. 

12. To all places in the torrid zone, the morning 
and evening twilight are the shortest ; to all places in 
the frigid zones, the longest : and to all places in the 
temperate zones, a mediun betwt 

13. To a:l places lying within 
Sim is vertical twice a year ; to tl: 
once, hut to those in the tempera' 
is never vertical. 

14. At all places in the frigid ', 
every year without setting for a c( 
and disappears for nearly the sam 

the nearer the place is to the pole the longer the simcon- 

the »tit>osphepe, »nd he is only two months more before he arrives 
•t the same pa.raUel of latitude ; and particularly near ihe north 
pole, the light of the itioon is greatly increased by the refleclion of 
the snow, mod the biightneSB of the Aurora Borealtai the sun ii 
likewise about seien days longer in paaalng tlirough the northern 
than through the southern signs ; that is fl^>m the vemal equinoXi 
which happens on the 2l9t of March, to the autumnal equinox, 
which fal|a on the S3d of September, bebg the summer half-year 
to the inhabitants ofnorthlatitude.is 186 days, the winter half-year 
is therefore only 179 days The inhabitanta near the north pole 
have consequently more light in the course of a year than any othe^ 
inhabitants an the aujfaca of the globe. 
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tmues without setting ; viz. the length of the longest 
days and ni^ts increase the nearer the place is to th« 
pole. 

15. Between the end of the longest day, and the be* 
ginning of the longest night, in the frigid zone, and be- 
tween the end of the longest night, and the beginning of 
the longest day, the sunrises and sets as at other places 
on the earth. , 

16. At all places situated under the arctic or antarc- 
tic circles, the ^n when he has 23° 28' decUnation, ap- 
pears for 24 hours without setting ; but rises and s^ts 
at all other tinics of the year. 

ir. At all places between the equator and the north 
pole the longest day and the shortest night are when 
the sun has (23° 28') the greatest north declination i 
and the khorttst day and longest night are when the sun 
has the greatest south declination. 

18. At alt places between the equator and the south 
pole, the longest day and the shortest night are when 
the sun has (23° US') the greatest south declination ; and 
the shortest day and longest night are when the sun has 
the greatest north declination. 

19. At all places situated on the equator, tfa« shadow 
• :t, placed perpendicular lo the hori- 

he north for one half of the year, and 
the other half. 

any place is to the torrid zone the 
in shadow of objects will be. When 
}45 degrees, the shadow of any per- 
ls' equal to its height. 
any place (situated in the temperate 
or torrid zones) is from the equator, the greater the ris- 
ing and setting amplitude of the sun will be. 

, 22. All places situated under the same meridian, so 
far as the globe is enlightened, have noon at the same 
time. 

23. If a ship set out from any port, and sail round 
the earth eastward to the same port again, the people in 
that ship, in reckoning their time, will gain one complete 
day at their return or count one day more than those 
who reside at the same port. If they sail westward 
they will Itwe one day, or reckon one day less. To il- 
lustrate this, suppose the person who travels westward 
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should keep pace with the sun, it is evident he would 
have continual day, or it would be the same day to hini 
during his tour round the earth ; but the people who 
remained at the place he departed from^have had night 
in the same time, consequently, they reckon a day more 
than he does. 

24. Hence, if two ships should set out at the sam* 
time from any port, and sail round the globe, the one 
eastward and the other westward, so as to meet at the 
same port on any day whatever, they will differ two days 
in reckoning their time at their return. If they sail 
twice round tlie earth they will differ four days ; if 
thrice, six, &c. 

25. But, if two ships should set out at the same time 
from any port and sail round the globe, northward or 
southward, so as to meet at the same port on any dajr 
whatever, they will not differ a minute in reckoning 
dieir time, nor from those ^ho reside at the port; 



t CHAPTER li; 

«^ the General Properties of Matter and the Laws of 

Motion* 

1. Matter is a substance which, by its different 
modifications, becomes the object of our five senses ; 
viz. whatever we can see, hear, feel^ taste, or smell* 
iniist be considered as matter, being the consiituent 
pai*ts of the universe* 

2. The properties of matter are extension, figure^ 
solidity, motion, dividibilit]fi gravity, and vis inertiae. 
These properties, . which Sir Isaac Newton observes* 
are the foundation of all philosophy, extend to the min* 
Utest particles of matter. 

3. Extension, when considered as a property of 
matter, has length, breadth, and thickness. 

4 Figure is the boundary of extension ; for every 
finite extension is terminated by^ or comptehended un* 
der, some figure* 



• Newton's Princip. Book 111 —The third' tule of reaiipiung irt 
philosophy. 
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$• S01.101TT is that property of matter by which H 
fills space ; or, by whicn any portion of matter excludea 
every other portion from that space which it occupies* 
This is sometimes defined the impenetrability of mat<« 
ter. 

6« MoTioii. Though matter of itself has no ability 
to move ; yet, as all bodies, upon which we can make 
suitable experiments, have a capacity of being trans* 
ferred from one place to another, we infer that motion 
is a quality belonging to ail matter. 

7. D1VISIBII.1TT of matter signifies a capacity of 
being separated into parts* eidiev actually or mentally* 
That matter is thus divisible, we are convinced by dailj 
experience, but how far the division can be actuaUy car* 
ried on is not easily seen. The parts of a body may be 
feo far divided as not to be sensible to the sight ; and by 
the help of microscopes we discover myriads of oi^^an* 
ized bodies totally unknown befgre such instruments 
were invented. A grain of leaf gold will cover fifty 
square inches of surface,* and contains two millions of 
visible parts ; but the gold which covers the sUvcr wire, 
used in making gold lacie, is spread over a surface twelve 
times as great. From such considerations as these, we 
are led to conclude, that the division of matter is carried 
on to a degree of minuteness far exceeding the bounds 
of our faculties. 

Mathematicians have shewn that a line may be inde^ 
finitelv divided, as follows : 

Draw any line A C, and another A 
B M perpendicular tajt.,Qfan_unlimit- 
ed length towards Q ; and from any 
point D, in A C, draw D E parallel to 
B M. Take any number of points, P, 
O, N, M, in B Q ; then from P as a 
centre, and the distance P B, describe 
the arch B/r, and in the same manner 
with O, N, M, as centres, and distan- 
ces OB, N B, and M B, describe the arches B^, B«, 
Bm. Now it is evident the farther the centre is taken 
from B, the nearer the arches will approach to D, and 
the line £ D will be divided into parts^ each smaller 
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diaa the preceding one ; and since the line B M may be 
f xtendcd to an indefinite distance beyond Q, the line 
fl D may be indefinitely diminished, yet it can never be 
Reduced to nothing, because, an arch of a circle can never 
coincide witn the straight line B C, hence it follows that 
£ D may be diminished ad infinitum. 

8 Gr A VI lY is that force by which a body endeavours 
to descend towards the centr)e of the earth* By this 
power of attraction in the earth, all bodies on every 
jpart of its surface are prevented from leaving it alto- 
gether, and people move round it in all directions, with- 
out any danger of failing from it. By the influence of 
attraction, bodies, er the constituent parts of bodies ac- 
cede, or have a tendency to accede to each other, with* 
out any sensible material impulse, and this principle is 
liniversally disseminated through the universe, extend- 
ing to every particle of matter. 

9. Vis iN£RTi4;isthatinnateforceof matter by which 
it resists any change. We cannot move the least parti- 
cle of matter without some exertion, and if one portion 
of matter be added to another the inertia of the whole 
is increased; also, if any part be removed the inertia is 
diminished. Hence, the vis inertise of anybody is pro- 
portional to its weight. 

10. Absolute and relative motion. A body is 
said to be in absolute motion, when its situation is 
changed with respect to some other body, or bodies, at 
rest ; and to be relatively in motion, when compared 
with other bodies which are likewise in motion. 

When a body always passes over equal parts of space 
in equal successive portions of time, its motion is said 
to be uniform. 

When the successive portions of space, described in 
jequal times, continually increase, the motion is said to 
be accelerated £ and if the successive portions of space 
continually decrease, the motion is said to be retarded. 
Also, the motion is said to be uniformly accelerated or 
retarded, when the increments or decrements of the 
spaces, described in equal successive portions of time, 
are alwavs equal. 

11. The Velocity of a body, or the rate of its mo- 
tion, is measured by the space uniformly descrijbed in a 
givea time* 
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12. Force, Whatever changes, or tends to change, 
the state of rest or motion of a body is called force. « 
a force act but for a moment, it is called the force of 
percussion x>r impulse ; if it act constantly, it is called 
an accelerative force ; if constantly and equally, it is 
palled an uniform accelerative force. 

General laws of motion. 

Xaw I.-—" Every body perseveres in its state of resfj 
^*' or uniform motion in a right line^ unless it is Compel^' 
♦* led to change that state by forces impressed thereonJ^ 
-T- Newton's Princip. Book I. 

Thus, when a body A is positively . r^ 
at rest, if no external force put it in ^ B 

motion it will always continue at rest* 
But if any impulse be given to it in the direction A B'^ 
unless some obstacle, pr new force, stop or retard its 
motion, it will continue to move on uniformly, for ever^ 
in the same direction A B. Hence any projectile, as a 
ball shot from a cannon, an arrow from a bow^ a stone 
cast from a sling, &c« would not deviate from its first di- 
rection, or tend to the earth, but would go o^* from it in 
a straight line, with an uniform motion, if the action of 
gravity and the resistance of the air did not alter and 
retard its motion. 

|!;aw II.— r:'* The alterc^ion of motion^ cr the motion 
*' generated or destroyed, in any bodu^ is proportioned 
^' to the force applied; and is made %n the dir^cUon of 
** that strflight line in which the force ^^«»"'— New 

. ton's Princip. Book I. 

Thus, if any motion be generated by a given force, a 
Rouble motion will be produced by a double force, a 
triple motion by a tri^Ae force, &c.— ^and considering 
motion as an e^ect, it will always be found that a body- 
receives itsi Demotion in the same direction with the cause 
that acts upon it.— :Tlf the causes of motion be various, 
and in d[ifterent directipns, the body acted upon must 
^ake an oblique or compound direction. Hence a ciirr 
yiiinear motion cannot be produced by a simple cause^ 
\>\xt must arise from the joint effect of diftercoit caa9es^ 
acting at the same instant upon the body. 
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Law III.—" To every action there is always opposed 
*«• an eqtial redaction; or the mutual actions of two 
<( bodies upon each other are ahvays equals and directed 
** to contrary points '^^'-^HavitoT/s Princip Book L 

If we endeavour to raise a weight by means of a lever^ 
we shall find the lever press the hands i>vith the same 
force which we exert upon it to raise the weight. Or if 
we press one scale of a balance, in order to raise a weight 
in the other scale, the pressure against the finger will 
be equal to. that force with which the other scale endea- 
vours to descend. 

When a cannon is fired, the impelling force of the 
powder acts equally on the breech of the gun and on the 
ball, so that if the piece and the ball were of equal weighty 
the piece would recoil with the same velocity as that 
with which the ball issues out of it. But the heavier 
any body is the less will its velocity be, provided the 
force which communicates the motion continues the 
same* Therefore so many times as the cannon smd 
carriage are heavier than the ball, just so many times 
will the velocity of the cannon be less than that of the 
baU, 

tOMPOVND MOTION^ 

J. If two forces act at the same time on any body^ 
and in the same direction^ the body will move quicker 
than it viould by being acted upon by only one of the 
forces^ 

i. If a body be acted Upon by two equal forces, in eoe^ 
actly opposite directions j it will not be moved from its 
situation* 

Z* If a body be acted upon by two unequal forces^ in ex* 
actly contrary directions^ it will move in the direction 
of the greater force. 

^ If a body be acted upon by two forces^ neither in the 
same nor opposite directions^ it will not follow either 
of the forces^ but move in a line between them. 

The first three of the preceding articles may be con- 
sidered as axioms, being self evident ; the fourth may 
be thus elupidHted ; Let a force be applied to a body i^t 
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A, 1ft Ac directiOD A B, -wrhich a. E g. 
would cause it to diove uniform- jff . 
ly from A to B in a given period H - 
of time ; 4uid at thee same instaii , 
let another forced applied in 
the direction A C^ such as would cause the body to 
move from A to C in the same time which the first force 
would cause it to m<fve from A to B ; by the joint ac- 
tion of these forces, the body will describe the diagonal 
A D of a parallelogram;^ with an uniform motion^ in 
the same time in which it would describe one of the 
sides A B or A C, by one of the forces alone. 

For, suppose a tube equal in length to A B (in which 
a small ball can move freely from A to JB) to be moved 
parallel to itself from A to C^ describing with its two 
extremities the lines A C and B D, so that the ball may 
move in^the tube from A to B in the same time that rhJe 
tube has descended to C D i, it is evident, that when the 
tube A B coincides with the line C D, the ball will be 
at the extremity D of the line, and that it has arrived 
there in the same time it would have described either of 
the sides A B or A C. The ball will likewise describe 
the straight line A D, for by assuming several similar 
parallelograms AE G F, A KI H. &c. it will appear, 
that while the ball has moved from A to E the tube will 
have descended from A to F, consequently the ball will 
he at G ; and while the ball has moved from A to K, 
the tube will have dt«cended from A to H, and the ball 
will be at I. Now A G I D is a straight line ; for small- 
er parallelograms that are similar to the whole, and si« 
milarly situated, are about the same diagonal.f 

.| 6. If a body^ by ttn uniform motion^ describe one side 

to/* a paratMogram^ in the same time that it would des* 

cribe the adjacent side by an accelerative force ; this body^ 

by the joint action of these forces^ would describe a 

icurve^ terminating in the opposite angle of the parallel* 

ogram* 

• A par allebgram is a four-sided figure, having each of the two 
opposite sides equal an^l parallel. 
t EucUd VI. and 26th. 
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Let A B O C be a paralUIograiD, and aupiigfte the 
body A to be carried throu^ A B by A jb k b 
an uniform force in the same time that 
it would be carried through A C by an 
accelerative force, then by the joint H 
action of these forces, the body would 
describe a curve A G I D. For, by the C 
preceding iQustration, if the spaces 
A£, £ K, and K B, be proportional to each other, the 
spaces A F, F H, and H C, will be in the same propor*^ 
tion^ and the line A G I D will be a straight liine when 
the body is acted upon by imiform forces ; but in this ex- 
ample, the force in the direction A B being uniform, 
would cause tIie~tody to move over equal spaces A E, 
£ K, and K B, in equal portions of time ; while the 
accelerative force in the direction A C, would cause the 
body to describe spaces A F, F H, and H C, increasing 
in magnitude in equal successive portions of time^ 
hence the parallelograms A E G F, A K I H, &c. are 
not about the same diagonal,"^ therefore A G I D is not 
a straight line, but a curve* 

6. The curvilmeal motions of all the planets arise from 
the nniform projectile motion of bodies in straight lines^ 
and the universal power of attraction which draws them 
off* from these lines* 

If the body E be pro- 
jected along the right line 
E A F, in free space where 
it meets with no resistance, 
and is not drawn aside by 
any other force, it will 
(by the first law of mo- 
tion) go on for ever in the 
same direction, and with 
the same velocity. For, 
. the force which moves it 
from E to A in a given time, will carry it from A to F 
in a successive and equal portion of time, and so on ; 
there being nothing either to obstruct or alter its motion. 
But, if when the projectile force has carried the body 

• Euclid VL and 24th. 
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to Ay another body, as S, begins, to attract it, irith i 

power duly adjusted and perpendicular t) its motion at 

. A, ic will be drawn from the straight line £ A F, and 

revolve about S in the circle* A G O O A. When the 
body E arrives at O, or any other part of its orbit, if 
the small body M> within the sphere of E's attraction^ 
be projected as in the straight line M n, with a force 
perpendicular to the attraction of E, it will go round 
the body E, in the orbit m, and accompany E in its 
whole course round the body S.-i— Here S may repre« 
sent the sun, £ the earth, and M the moon« 

If the earth at A be attracted towards the sun at S^ 
so as to fall from A to H by the force of gravity alpne^ 
, in tb? same time which the projectile force singly would 
have carried it from A fo F ; by the combined action 
of these forces it will describe the curve A G ; and if 
&e velocity with which E is projected from A, be such 
as it would have acquired by falling from A to V (the 
half of A S), by the force of gravity alone,f it will re- 
volve round S in a circle. 

7m If one hpdy revolve round another fas the earth 
round the irtmj^ so as to vary its distance from the cen^ 
ire of motion<i the projectile and centripetal forces must 
eaph be variable^ find the path of the revolving body -will 
differ from u circle. 
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* If any body revolve round another in a circle, the revolving 
body must be projected with a velocity equal to that tvhich it would 
have acquiied byfaliingthroughhalf the radius of the circle towki*djr 
die attracting body. Emerson's Cent. Forces, Prop. ii. 

f A body» by the force of gravity alone, falls. 16-]-^^ feet in the 
first second of time> and acquires a veli^city which will carry it uniform^ 
ly through 3^^ feet in each succeeding second. This is provcti 
ezperimentaliy, by writers on mechiouGS. 
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Thus, if while a pro- 
jectile force would cai?- 
ly a planet from -A to 
F, the sun's attraction 
at S would bring it ^ 
from A to H, the gra- y 
vitating power would '»' 
be too great for the 
projectile force ; the 
planet, therefore, in- 
stead of proceeding in 
the circle A Q C (as in 
the preceding article) 
would describe the 
curve AO, and ap- 
proach nearer to the 
sun ; S O being less than S A. Now, as the cen- 
tripetal force, or gravitating power, always increases as 
the square of the planet^s distance from the sun dimin- 
ishes,* when the planet arrives at O the centripetal force 
will be increased, which will likewise increase the velo- 
xity of the planet^ and accelerate its motion from O to 
V ; so as to cause it to describe the arches OP, P Q, 
QR, RD, DT, TV, successively increasing in mag- 
nitude, in equal portions of tinie« Th6 motion of the 
planet being thus accelerated, it gains such a centrifu* 
gal force, or tendency to fly oiF at V, in the line V W, 
as overcomes the sun's attraction : this centrifugal or 
projectile force being too great to allow the planet to 
approach nearer the sim tlian it is at V^ or even to move 
round th6 sun in the circle tabcd^ &c. it flies oflF in the 
curve X Z M A, with a velocity decreasing as gradually 
from V to A, as if it had returned through the arches 
VT, TD, DR, &c. to A, with the same velocity 
which it passed through these arches in its motion from 
A, towards V, At A the planet will have acquired 
the same, velocity as it had at first, and thus by the cen- 
trifugal and centripetal forces it will continue to move 
round S. 

Two very natural questions may here be asked ; 
Viz» why the action of^giayity, if it be too great lor the 
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• Newton's Frincip. Book.ni. Prop. li. 
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projectile force at O, does not draw the placet to 'fte 
sun at S ? and why the projectile force at V, if it be 
too great for the centripetal force, or gravity, at th« 
same point, does not carry the planet farther and farther 
from the sun, tiU it is beyond the power of his attrac** 
tion ? 

First. If the projectile force at A were such as tp 
carry the planet Itpm A to G, double the distance, in 
the same time that it was carried from A to F, it would 
require four* times as much gravity to retain it in its or- 
bit viz. it must fall through A I iathe time that the pro- 
jectile force would carry it frotn A to G, otherwise it 
could not describe the «urve A O P« But an increase 

4 

of gravity giVes the planet an increase of velocity, and 
an increase of velocity increases the projectile force j 
therefore, the tendency of the planet to fly oflF from the 
curve in ^ tangent P fn^ is greater at P than ^t O, tin^i 
greater at Q than at P, and so on ; hence, while thb 
, gravitating power increases, the projectile power, iu* 
creases, so that the planet cannot be drawn to the sun. 

SecQtidly. The projectile force is the greatest at, or 
lie^t-) the point V, and the gravitating power is likewise 
the greatest at that point. For if AS be double of VS, 
the centripetal force at V will be four tjmes as great as 
at A, being as the square of the distance from the sun. 
If the projectile force at V be double of what it was 
at A, the space V W, which is the double of AF, will be 
described in the same time that AF was described, and 
the planet will be at X in that time. Now, if the ac« 
tion of gravity had been an exact counterbalance for 
the projectile force during the time mentioned^ the plan- 
et would have been at t instead of X, and it would de- 
scribe the circle /, a, i, c, &c. ; but the projectile force 
being too powerful for the centripetal force, the planet 
recedes from the sun . at S, and ascends in the curve 
XZM, &c. Yet, it cannot fly off in a tangent iii its as- 
cent, because its velocity is retarded, and consequently 
its projectile force is diminished, by the action of grav- 
ity. Thus, when the planet arrives at Z, its tendency 
to fly off in a tangent Z n, is just as much retarded, by 
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the Ecticm of gravity, as its motion was accelerated 
thereby at Q, therefore it must be retained in its 
erbit. \ 



CHAPTER III. 

. Of the Figure of the Earf^f and its Magnitude* 

THE figure of the earth, as composed of land and 
.Waiter, is nearly spherical ; die proof of this assertion 
will be the principal object of this chapter. The an-* 
cients held various opinions respecting the figure of the 
the etrth ; some imagined it to oe cylindrical, or in the 
form of a drum ; but the general Opinion was that it 
.was a vast extended plane, and that the horizon was the 
.utmost limits of the earth, and the ocean the bounds of 
the horizon. These opinions were held in the infancy 
of astronomy ; and, in the early ages of Christianity, 
aome of the fathers went so far as to pronounce it her* 
etical for any person to declare that there was 3U<h a 
thing as the antipodes. But, by the industry of suc- 
ceeding ages, when astronomy and navigation were 
brought to a tolerable degree of perfection; and when 
it was observed that the moon was frequently eclipsed 
by the shadow of the earth, and that such shadow al- 
ways appeared circular on the <]^sc or fiace of the moon, 
in whatever position the shadow was projected, it ne- 
cessarily followed that the earth, which cast the shado't^, 
must be spherical ; since . nothing but a sphere, when 
turned in every position with respect to a luminous 
body, can cast a circular shadow ; likewise all calcula- 
tions of eclipses, and of the places of the planets, are 
made upon supposition that the earth is a sphere, and 
they all answer to the true times when accurately calcu- 
lated* When an eclipse of the moon happens, it is ob- 
served sooner by diose who live eastward than by those 
who live westward ; and, by frequent experience, astron- 
omers have determined that, for every fifteen degrees 
difference of longitude, an eclipse begins so many hours 
sooner in the the easternmost place, or later in the west- 
<eitimost» If the earth wer^ a p^e, eclipses would hap 



j 



53 SIGURE OF . THE BA.RT^^ JkQ4 

pen at the same time in all places, nor cQulci one pait^ctf 
the world be deprived of the light oi the sun while an- 
other part enjoyed the benefit of it. The voyages of 
fhe circumnavigators sufficiently prove that the earth is 
round from west to east. • The first who attempted to 
pircumnavigate the globe was Magellan, a Portuguese, 
who sailed from Seville in Spain on the 10th of AugiASt 
1519 ; he didaot live to return, but his ship arrived at 
St. Lucar, near Seville, on the 7th of September, 15^3» 
without altering its direction, except to the north pr 
90uth, as compelled by the winds, or intervening land. 
Since this period the circumnavigation of the globe ha9 
been performed at different times by Sir Francis Drake, 
Lord Anson, Captain Cook, &c. The voyages of the 
circumnavigators have bc^en frequently adduced by* wri- 
ters on geography and the globes to prove that the earth' 
is a sphere : but when we reflect that all the circumnavir^^ 
gators sailed westward round the globe (and not.north-f 
ward and southward round it) they might have perform<^ 
^d the same voyages had* the earth been in the form of 
a drum .or cvlinder : but the e^rth cannot be in the form 
of a cylinder, for if it were, then the difference of lou'* 
g^tude ^etween any two places would bo equal to the 
meridional distance between the same places, as on a 
Mercator's Chart, whifch is contrary to observation.T- , 
Again, if a ship sail in any part of the world and upon 
any course whatever, on her departure from the coast, 
all high towers or mountains gradually disappear, and 
persons on shore may see the masts of the ship after 
the hull is hid by the convejdty of the water fsee Fi^ 
%ire III. Plate /.J-^If a vessel sail northward, in north 
latitude, the people on board may observe the polar 
star gradually to increase in altitude the farther they go ; 
they may likewise observe new stars continually emerg- 
ing above the horizon whiqh were before impercepti- 
ble ; and at the same time those stars wTiich appear 
southward will continue to diminish in altitude till they . 
become invisible* The contrary phenomena will hap- 
pen if the vessel sail southward : hence, the earth is sphe- 
rical from north to south, and it has already been shewn 
fhat it is spherical from east to west. 

The arguments already adduced cleai4y prove the ror 
tvfl^dity of the earth, though common eiperien9e hhsfw%, 
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as tluit it4s tot strictly a geometrical sphere ; for its 
surface is diversified with mountains and valleys : but 
diese irregularities no more hmder the earth from being 
reckoned spherical, considering its magnitude, than the 
roughness of an orange hinders it from being esteemed 
round.* 

^ When philosophical and mathematical knowledge ar« 
rived at a still greater degreeof perfection, there seem- 
ed^ be a very sufficient reason for the philosophers of 
the last age to consider the earth not truly spherical, but 
rather in the form of a spheroid.f This notion first 
arose from observations on pendulum docks,^ which 
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* Our largest giobesaK, in general^ 18 inches in diaqieter. The 
diamter of the earth is about 7964 miles. Chimboraco» one of the 
Andes mountains, the highest in the worlds is about 20608 feet, or 
nearly 4 miles high. The radius of the earth is 3983 miles* and 
that of an 18 inch globe 9 inches. Now, by the rule of three^ 
M 3982m : 3982m + 4 : : 9in. : 9009 from which deduct the radi«» 
of the artiiicial globe, the remainder •OOSfcT-y^ylTx^T ^'^ inch, 
itearly, is the elevation of the AnAss on an 18 inch giobe^yvirhich is 
less than a grain of sand. 

f A spheroid is a figure formed by a revolution of an ^llipsia 
about its axis, and an ellipsis is ik curve-lined figure in gebmetry, 
Ibrmed by cutting a cone or cylinder obliquely; but its nature will 
be more clearly comprehended, by the learner, from the following 
description ; 

Let T B (in Plate IV. figure V.) be the transverse diameter, or 
longer axis of the ellipsis, and C O the conjugate diametec, or 
shorter axis. With the distance T O or D R in your compasses, and 
C as a centre, describe the arch Ff : the points F, f, will beth^two 
foci of the dlipsis. Take a thread of the length of the transverse 
axis T R, and fasten its ends with pins in F and f, then stretch ^^ 
thread FI f and it will reach to 1 in the curve, then by moving a pen- 
cil round with the thread, and keeping it always stretched, it will 
trace out the ellipsis T C R O. If this ellipsis be made to revolve on 
its longer axis T R, it will generate an oblong spheroid, or Cassini^s 
figure of the earth ; but if it be supposed to revolve on its shorter 
axis C O, it will form an oblate spheroid, or sir Isaac Newton*s fig- 
-ore of the earth. The orbits or paths of all the planets are ellipses, 
and the sun is situated in one of the foci of the earth's orbit, as will 
be observed farther on. The points F f, are called foci, or burning 
pointy ; because, if a ray of light issuing from the point F meet the 
curve in the point I, it will be reflected back into the focus f. For 
lines drawn from the "two foci of an ellipsis to any point in the curve, 
inake equal angles with a tanget to the curve at that point : and by 
the laws of optics the angle of incidence is equal to the angle of 
reflection. Robertson's Conic Sections, Book III. Scholium to 
]prop. ix. 

4 ^Philosophical Traniactions, Ho» 38v 



» 



being fitted to beat seccmds in the latitude of Fatia ftud 
Xiondon^ were found to move slower as they approask* 
ed the equator, and at, or near the equaitor they Wettf 
obliged to be shortened about ^^ of an ioch to agree widi 
the times q{ the stars passing the meridian. This dif- 
ference appearing to Huygens"^ and Sir Isaac Newton^ 
to be a much greater quantity than could arise from the 
alteration by beat only, they separately discovered that 
the earth was flatted at the poles.— -By the revolutioft of 
the earth on its axis (admitting- it to be a sphere) tbf 
centrifugal force at the equator would be greater than 
the centrifugal force in the latttodi^of London ofcW$^v^ 
because a larger circle is described by the equator in 
the same time ; but as the centrifugal force, (or tendeor 
cy which a body has to recede from the centre) increase 
es, the action of gravity necessarily diminishes ; ^nd 
where the action of gravity is less, die yibration^.t^ 
pendulums of equal lengths become slower ; hence, 
supposing the earth tq be a sphere, we have two causes 
why a pendulum should mo^e slower at the equator than 
at Londpn or Paris, viz. the action of heat, which di* 
lates all metals, wnd the diminution of gravity. But 
these two causes combined>would not, according to Skr 
Isaac Newton, produce so great a difference as -^th of 
an inch in the length of a pendulum, he therefore sup* 
posed the earth to assume the same figure that a homo- 
geneous fluid would acquire by revolving on an axis, 
viz. the figure of an oblate spheriod, and found that the 
^^ diameter of the earth at the equator, is to its diame- 
ter from pole to pole, as 230 to 229/'t Notwithstand- 



* A celebrated mathematician, born at the Hague, in Holland, 
in 1629. 

f Mott's translation of Xewton's Principia, Book III. page 94^ 
CaiHng the equatorial diameter of the earth 7964 EUigligh miles, 4he 
polar diameter will be 7^29, For as 230 : 229 : : 7964 : 7929 miles, 
the polar axis. Hence, the polar axis is shorter 4han the equatorial 
diameter by 35 nules, and the earth is higher at the equator than at 
the poles by X7i miles, a difierence imperceptible on the largest 
globes that are made. Suppose a globe to be 18 inches in diameter at 
the equator, then as 230 : 229 : : 18 : 17-]^4f ^^ P^'^^ diameter ; the 
difference of the diameters is _.|^ of an mch, halfdifieretice is ~^, 
of an inch, the flatness of an 1 8 inch globe at each pole, which is 
less than the 23d part of an inch, or not much thicker than the pa* 
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lt% the deductiond of Sir Isaac Newton, on the strict- 
est mathematical principles, many of the- philoaophera 
in France, the principal of whom was Casstni, assert* 
ed that the earth ivifas an oblong spheroid, the polar 
diameter being the longer; and as these different opinions 
were supposed to retard the general progress of saence 
in France, the king resolved that the affair should be 
determined hf actual admeasurement at hb own ex- 
jpemse. Accordingly, about the year 1735, two compa- 
nies of the most able' mathematicians of that nadon 
were appointed: the one to measure the de^ee of « 
meridian as near to tfie equator as possible, and the other 
company to perform a like operation as near the pole as 
could be conveniendy attempted* The results of these 
admeasurements contradicted the assertions of Gassiili^ 
and of J. Bemoidli {a celebrated mathematician of Ba* 
sily in Switzerland, who warmly espoused his cause) 
and confirmed the calculations of Sir Isaac NewtoiB In 
the year 1756, the Royal Acadepy of.JSeiences at Pma 
appointed eight astronomer! to measure the length of ^ 
degree between Paris and Amiens ; the result of their 
achneasurement gave 57069 tQises for the len^h of a 
degree. 

The utility of finding the length of a degree in order 
to determine the magnitude ^d figure of the eardi, 
cm^ybe rendered familiar to ft learner thus; suppose I 
find tlie latitude of London to be 5i^° north, and travel 
due north till I find the latitude of a place to be 52^^ 
north, I shall then have travelled a degree, and the disr 
tance between the two places, accurately measured, will 
be the length of a degree : now, if the earth be a cor- 
rect sphere, the length of a degree on a meridian, or 
a great circle, will be equal all over the world, after pro- 
per allowances are made for elevated ground, &c. the 
length, of a degree multiplied by 360 will give the cir- 
cumference of the earth, and hence its diameter, &c. 



per and paste, a quantity not to be discovered by the appearance ; 
•nd on smaller globes the difference would be considerably less. 
Hence, the learner should be informed, that though the earth be not 
strictly a globe, it cannot be represented by any other figui e which 
will give so exact an idea of its shape ; and a lecturer -smo informs 
his hearers, that it is in tlie shape of a turnip or an orange gives a 
Tery false idea of its true figxure. 
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will be easily found : but if the earth be any other figure 
than that of a sphere, the length of a degree on the 
same meridian will be different in different latitudes, 
and if the figure of the earth resemble an oblate spheroid, 
the lengths of a degree will increase as the latitudes 
increase. The English translation of Maupertuis' fig- 
ure of the earthy concludes with these words : (see page 
163 of the work) ** The degree of the meridian which 
eut9 the polar circle being longer than a degree of the 
meridian in France^ the earth is a spheroid fatted to-' 
wards the poles.^* For, the longer a degree is, the 
greater must be the circle of which it is a part ; and the 
greater a circle is, the less is its curvature. 

The first person who measured the length of a degree 
with any appearance of accuracy was Mr. Richard Nor- 
wood ; by measuring the distance between London and 
York, he found the length of a degree to be 367196 Eng- 
lish feet, or 69^ English miles ; hence, supposing the , 
earth to be a sphere, |ts circumference will be 25020 
miles, and its diameter 79.64 miles ;* but if the length 
of a degree, at a medium, be 57069 toises, the circum- 
ference of the earth will be 24873 English miles, its 
diameter 7917 miles, and the length of a degree 69^^^ 
miles* 

Conclusion. Notwithstanding all the admeasure- 
ments that have hitherto been made, it has never been 
demonstrated, in a satisfactory manner, that the earth 
is strictly a spheroid ; indeed, froi:n observations made 
in different parts of the earth, it appears that its figure 



• 5280 feet make a mile, therefore 367196 divided by 5280 give» 
G9i miles nearly, which, multiplied by o60, produces 25020 miles^ 
the circumference of the earth, but the circumference of a circle is 
to its diameter as 22 to. 7, or more nearly as 355 to 113; hence» 
355 : 113 : : 25020 miles : 7964 miles, the diameter of the earth. 
Again> 6 French feet ftake one toise, therefore 57069 toises axe 
equal to 342414 French feet ; but 107 French feet are equal to 114 
English feet: hence, 107F.f :114E.f. :: 342414 F.f .-364814 Eng- 
lish feet, which, divided by 5280, the feet in a mile, gives 69.09 
miles the length of a degree by the French admeasurement. Or, 
542414, multiplied by 360, produces 123269040 French feet, the cir- 
cumference of the earth, and 107 : 114 : : 123269040 : 131333869 
English feet, equal to ^4873.74 miles, the circumference of the 
eartli, and 355 ; 113 : : 24873.74 : 7917 mUes, the diameter of the 
earth. 



\iby^o .nifisps thflUt of la r^tihur spheroid, iior.that of 
jiny other kiiown regular mathematical figure $ and the 
pnly certain .cof^clusion that can be drawn frpm the works 
of the several gentlemen employed to measure the earth 
is, that the earth is something' more fiat at the poles than 
at the equator. The course of a ship, considering the 
earth a spheroid, is so near to what it would be on a 
sphere, that the mariner m^y safely trust to the rules 
of globular sailing,^ even though his course and dis- 
.tance were much, more certain lhan.it is possible for 
'th^m to be. for which, and simiUr Reasons, mathe- 
^^9iaticians content themselves with considering the earth 
Its a sphere in all practical sciences, and hence the arti- 
ivcial globes ^re made perfectly sphericajt^ as the best re- 
^pr^septation^of theifigure of the learth* 



CHAPTER IV. 

Of the Diumal\ and Annual Motion qf the Earth. 

I 

The motion of the earth was denied in the early ages 
fii the world : yet, as soon as astronomical knowledge 
ibegan to be wore attended to, its niotion received the 
98i$ent of the learned, and of such as dared to think 
dliferently from the multitude) or were not apprehen- 
sive of ecclesiastical censure.— ^The astronomers of the 
last and present ^ge have produced such a variety of 
(Strong and forcible arguments in favour of the motion 
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* Robertson's Kavigation, Book VlII. Art. 143. 

t ^^' Adam Walker, in his Familiar Philosophy (see the lecture 
on the momentum of light) supposes the earth and planets to be 
' turned on their axes by Uie impulse of light ! He says, " that in all 
fhe positions in which the earth stands ^ the sun, during its an- 
nual revolution round him, it will be found that more rays fall on 
one side of its aitle and centre, than on the other.*' With all due 
respect to Mr. Walker's known abilities, I confess I do not see the 
truth of this assertion ; if it be allowed, (as Mr. Walker has admit- 
ted in his 9th lecture on optics, page 403,) that the rays of light faU 
parallel upon the earth from tlie sun, will not these rays at the time 
of the equinoxes, strike the earth in a direction perpendicular to its 
axis ? At this season, then, the impulse of light would have no effect 
whatever to tura the earth on its axis. 
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of the earth, as must effectually gun the assent of eveff 
impartial inquirer. Among the many reasons for the 
motion of the earth, it will be sufficient to point out the 
following. 

1. Of the Diurnal Motion of the Earth. 

The earth b a globe of 7964 miles in diameter (as 
has been shewn in Chap. III.) and by revolving on itt 
axis every 24 hours^ from west to east, it causes an ap- 
parent diurnal motion of all the heavenly bodies from 
east to west. We need only look at the sun, or stars, 
to be convinced that either the earth, which is no more 
than a pointf when compared with the heavens, revolves 
on its axis in a certain time, or else the sun, stars, &c« 
revolve round the earth in nearly the same time. Let 
us suppose, for instance, that the sun revolves round the 
earth in 24 hours, and that the earth has no diumai 
motion. Now, it is a known principle in the laws of 
motion, that if any body revolve round another as its 
centre, it is necessary that the central body be always in 
the plane in which die revolving body moves, whatever 
curve it describes ;^ therefore, if the sun move round 
the earth in a day, its diumai path must always describe 
a circle which will divide the earth into two equal hem- 
ispheres. But this never happens except on two days 
of the year, vije. at the time of the equinoxes, when 
the sun rises exactly in the east, and sets exacdy in th^ 
West ; for, in our summer, the sun rises to the north <i 
the east, and sets to the north of the west; and in the 
winter it rises to the south of the east, and sets to the 
south of the west ; and, therefore, its diumai path di- 
vides the globe into two unequal parts ; conseqnentl)^ 
the sun does not move round the earth. To render this 
more intelligible to a young student, let a pin, of some 
inches in length, be fixed perpendicuhur upon an hori- 
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* That u» the time from the sun's being on the meridian of any 
place, to the time of its returning to the same meridian the nesct 
day ; but the earth forms a complete revolution on its axis in 2$ 
hours* S6 minutes, 4 seconds : see definition 61, page 13. 

f Dr. Keill, Lect 26. 

* Emerson'ii Astronomyy page 11. 



f 



AMNViX HDTION OF TRS E41tT». H^ 

3»atal pbme, and observe the shadow that ibe lop of It 
describes on any day of the year ; this shadow will al- 
ways be a curve, except at the time of the equinoxes; 
hence, the earth is never in the sun's apparent diurnal 
ortric but then : for, if the tc^ of the pin kept all the 
time in the plane of the sun's apparent diurnal orbit^ 
the shadow described would be a straight line}"!^ because^ 
it would fall in the intersection of two planes if thiere«<> 
fore, the sun has no diurnal motim iround the earth, coo- 
sequently» the earth has a diurnal motion on its axis. 

It is no argument against the earth's diurnal motion 
that we do not feel it ; a person in the eabia.of a ship, 
Ml smooth water, cannot perceive the ship's motion 
when it turns gently and uniformly round 4 neither 
does the motion of die earth cause bodies to fall from 
it9e surface ; for all bodies, of whatever matter they are 
composed, are drawn to the earth by the power of its 
eentral attraction ;$ which, laying hold of them accord- 
ing to thdr densities, *or quantities of matter, without 
regard to their magnitudes, constitutes what we call 
weight. 

The phenomena of the apparent diurnal motion of 
ihe sun may be explained by the motion of the earth ; 
thus, let I F G H (plate I. fig. v.) represent the earth, 
S the sun, and the circle D S B C the apparent con- 
cavity of the heavens. Let the earth revolve on its 
aids from I towards G (viz. from west to east.) Sup- 
pose a spectator to be at I, the sun, which is at an im^* 
mense distance, and enlightens half the globe at once, 
will appear to be rising. A» the earth moves round, 
the spectator is carried towards F, and the sun seems 
to increase in height : when he has arrived at F, the sun 
ia at the highest. As the earth continues to turn round, 
the spectator is carried from F towards G, and the al- 
titude of the sun keeps continually diminishing; when 
he has arrived at G, me sun is setting. During the time 
the spectator has been carried from I to G, the sun has 



* Efinerson's Diallings Prop. II. p. 9th. 

t It is demonstrated in Euclid, Prop. III. Book XI. that if two 
|iUnes intersect each other, their common section is astrai|[ht Hqq, 
i Ferguson's Astronomy, Art. 119. 
i Newton's l^rincipia. Book {II. Prop. ini. 



slj^pe^r^ to> midvd the coxitmry wa^« Kifen^, it iir ^iv 
dent, that while ^ q^ectator is earned through the iU 
himinated hsdl of die ear^, i^ is day*light ; at the imd-s 
die point E, it is noon ; sdso, while he is< carried through 
the dark henvispl^ere, it ia- night ; and at H it is midv 
Bight. ThuB, the vicissitudieof day and ntght evidently 
appears' by* ^t rotation of the earth aboot ks axis z 
what has been^said-of the mm is eqaaUy* applicable to the^ 
moon, ot a^ star ptacM at S ; therefore, all the celes<^ 
tial bodies seem to n9^ and se% by turns, aecordmg ttf 
fheir various situations. The spectator alt I, F, G, H, 
will always have his fee9 towards die* centre of ihe 
#arth) and the sky above his head, whatever position the 
^arth may have ; agreeably to the lafws of gravitadoii 
or attraction. Thus^ an* mhabitai^i! at a will be the most; 
|»owerfiilly attracted towards his antipodes ^, because^ 
0iere is the greatest mckss of earth uncfer his feet in t&at 
direction; for the same reason ^ will be the most at- 
tracted towards a^ m towards n, and n towards m, Sdc. 
Hence, it appears^that every l^ody o» the' surface of th^ 
earth is attracted towards its centre, pr rather towards^ 
flfe ^tipodes of that body> for the whole earth is the 
attracting mass, and not some unknown substance placed 
in the centre of the earth. There is no such thing as 
an upper and under side of the earth. S ippose a to be 
an inhabitant of Nankin in China, h will be an inhibit- 
ant of South America, near Buenos Ayres, each havings 
the earth under his feet, and the sky above his head j 
also, if n be an inhabitant a little east of Quito in South 
America, on the equator, m will be an inhabitant upon 
the equator in the island of Sumatra, and in the course 
of 12 hours, n will have the very same position as m^ 
by the revolution of the earth* 

8. Of the Annual Motion of the Earth. 

The diurnal revolution of the earth on its axis being 
proved, the annual motion roiind the sun will be readily ^ 
(admitted ; for, either the earth moves round the sun ii^ 
a year, or else the sun moves round the earth : now, by 
the laws of centripetal force, if two bodies revolve abou^ 
each other, they revolve round their coipmon c<entre o| 



ffpwtt^i^ said it bevidenty that if die two bbdi^s be of 
e^ual magnitude and density, the centre of gravity will 
tie equidtstatit. fram< each body ; but, if they be of difr 
fsnent magnitudes, the centre of gravity will be near*, 
efl^ to tiie^ larger body ; if the earth, therefore, remaiik 
in diesaii&e skuation while the sun revolves roui^d-ic. 
Its magnitude must be vastly grei^r than that of the, 
sun ; for it is contraiy to the laws of nature for a heav)r 
body to revolve rouna alight one as its centre of motion : 
but, from observations on the dimensions-l* and distanc*- 
es of the sun and planets, it appears that the sun so 
greatly exceeds, not only the eardi, but the planets, in 
magnitude, that, the common centre of gravity of the 
whole is ahnost eonstantly within the body of die sun, 
so tlmt tlie sunns' nuHioii round the common cei^tre of 
gravity of the earth and the pkneta b not perceptible 
by ordinary observers. Not only the earth, therefore^ 
but the planets, move round the sun. 

The earth is computed to be 95 millions of miles 
from the sun,^ and performs its revolution round himj 



• The centre of gravity of two bodies is a point, on which, if 
they were both supported by a line joining their centres, they would 
rest in equilibrium. 

f The apparent diameters of the planets are foimd by aniicrome* 
ter, placed in the ibcus of a telescope ; or, the apparent diameter 
of the sun may be measured by means of the projection of his image 
into a dark room, through a circular aperture. From these apparent 
diameters, and the respeciive distances from the earthy the real 
diameters of the sun and planets may be determined. 

t That fkTt of the heavens in which the sun or i planet would 
Appear, if viewed from the surface of the earth, is called its appa- 
rent place ; and the point at which it would be seen at the same in- 
stant from the centre of the e^rth, is called its true place. The dif- 
ference between the true and apparent place is called the parallax. 
|h plate IV. fig, vi, let Q be the centre of the earth, P the place of 
an observer on its surface, and S the sun or a planet in the heavens ; 
|!ow, to an observer at O, the sun would appear at a, and to an ob- 
server at P it would appear at b / the arch a b^ or the angle S A, 
which is equal to the angle P 8 0, is called the horizontal parallax. 
Mr. Short, in vol. 59, part ii, of the Philosophical Transactions, 
(as determined the horizontal parallax of the sim to be 8'' 65, at its 
Inean distance from the earth. Hence, by trigonometry. 

As logarithmical sine of 8'' 65, or angle P S O, 5.6219140 
Is to one semi-diameter of the earth P O, 0000000 

So is radius, sme of 90 degrees, or sine of O P S 10*0000000 

To 23882-64 semiTdiameterfl, 4.3780860 
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descril^^ an elliptical orbit or path,^ in 565 ckys, 5 
hours, ^B^famutes, and 48 seconds, from any equinox 
or solsudctf td^.'the same again ; it travels at die rate of 
upwarcDrlf 68,000 miles p6r hbur.j; - Besides this mo- 
tion, which is common id every inhabitant on the earth, 
the inhabitants at the eqHator are carried 1042(:^ miles 
every hour by the diurnal revolution of the earth on its 
axis, while those in the parallel of London are carried only 
about 644 miles per hour. The axis of the earth makes 
an angle of 23^ 28', with a perpendicular to the ^iane 
of its orbit, and keeps always the same oblique diri&c- 
tioh throughout its annual course ;$ hence, it follows 
that, during one part of its course, the north pole ia 
turned towards the sun, and, during another part of its 
course, the south pole is turned towards it in the same 
proportion; which is the cause of the difierent seasons, 



(MM 



Now». if we take the diameter of the earth 7970 miles, as Mr. 
Short has done, the semi-diameter ^85 multiplied by 238SS^ gives 
$5173117 miles, the dist^ce of the earth from the sun : if the di* 
•meter of the earth be taken at 7964 miles^ the distance will be 
9510U68 miles ; if it be taken 7917 miles (see the chapter of the 
Figure of the £arth) the distance will be 94540222 miles. In a case 
of such uncertainty, where a very small error in the parallas wiU 
produce an astonishing difference in the conclusion of the processj^ 
snd where an error in the diameter of the earth Will also anect the 
operation, we may rest content with estimating the distance of the 
earth from the sun at 95 millions of jniles. 

* The idea that the earth moved in an elliptical orbit wss first 
ponceived by Kepler, an eminent German astronomer, and de- 
monstrated by. Sir Isaac Newton. See the Principia, Book III. 
Prop. xlii. 

j- The earth's distance from the sun is 95 millions of miles, the 
wean diameter of its orbit is'therefore 190 millions of miles ; and 
|he circumference of a circle is three tipies the diameter and one* 
seventh more; or the circumference is to the diameter as 355 to 
113 mc^ nearly ; hence, 113 : 355 : : 190,000,000: 596902654, the 
circumference of the orbit; and this circumference is described ii| 
^5 days, 5 hours, 48 minutes, 48 seconds, or 365 days 6 hours 
nearly, or 8766 hours ; hence, 8766 h. : 596902654 m. : : 1 h. : 68098 
miles per hour the inhabitants of the earth are carried by its annual 
revolution. ' 

i These distances are found by multiplying the number of miles 
4^bntained in a degree in uiy parallel of latitude by 15 ; thus, the 
circumference of the earth at the equator is in 360^ X 69 J m. an4 
in the latitude of London it is equ^ to 360^ x 42 65 ; and 24 h. : 
360'' X 69J : : 1 h. ; op, 1 : 15 X 6Pi : : 1 : 1042J m. 

$ This is not stiictly true, though the variation, called the nuta^ 
tion of the earth's axis, is scarce^ perceptible in two or three years, 
KeiU, Lect. viii« 
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as spring, summer, autumn, and winter. The orbit of 
the earth being elliptical, the earth must at sense times 
approach nearer to the sunthaft-M^odi^i^,' atiid will, of 
course, take more time moving through one part of its 
path than through another. Astronomers have observ- 
ed, that the earth is more rapid in the winter hsdf of its 
orbit than in' the summer, by about seven days : Tsee the 
note to the 6th Geographical Theorem, p. 38 ;) but, al- 
though in the wintier we are nearer to the sun than in 
the summer, yet, in that season, it seems farthest from 
us, and the weather is more cold and inclement: the 
simple account of which phenomenon is> that the sun's 
rays falling more perpendicularly onus in summer, aug-^ 
mentthe^ieat of the weather; so, being transmitted 
more obliquely on our parallel of latitude during the 
. winter, the cold is inereasedand rendered more intense/ 
The heat in the torrid zone does fiot arise from those 
parts of the earth being nearer to t!ie sun, but from the 
rays of Ae sun falling directly perpendicular upon, and 
darting immediately through the atmosphere. It might 
likewise be expected that, as we are less distant from 
the sun in the winter than in the summer, it would ap* 
pear larger ; but the difference of situation is so small 
as to make no sensible sdteration in the sun's apparent 
magnitifede. 

The sun is not supposed to be fixed in the centre of 
the eafth^s elliptical orbit, 'but in one of the foci. Let 
S represent the sun (Plate IL Fig. ^.) and A G F B D £ 
the elliptical orbit of the earth. Then A is called the 
Perihelion, or lower apsis, being the earth's nearest^ 
distance from the sun; B is called the Aphelion, or. 
higher apsis, being the greatest distance of the earth 
from the sun, and S C the distance between the sun 
(in the focus) and the centre, is called the eccentricity 
of the earth's orbit. If, from the centre C, there be 
erected upon the axis A B the perpendicular C £ meet- 
ing the orbit in £, and the line S £ be drawn, it will 
represent the mean distance of the earth from the sun, 
being equal to half the axis A B,^ consequently S £ is 
95 millions of miles. 



* It 18 demonstrated by all writers on conic sections^ that a line 
drawn flrom one end of the conju|^te axis of an ellipsis to the focusj 
is equal to hiJf the transverse axis, viz. SEasCBorCA ' 
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Though the motion of the ^eaithin its orbit ibe tef 
4aiiiform, yetit is regulated by a certain immutable lav^ 
tirom which it never deviates ; which is, that a line 
tdrawnifrom the centre of the sun to the oentre of .the 
-earth, 'bemg carried about with an angular motion, des* 
ucribes an elliptical area proportional to the time in which 
«that areais describedj"* viz. if the times in which, the 
-earth moves from AtoE, from E to D^ and from D 
ito fi, be equal, then the areas, or spaces, A 8:E,£ S D, 
tmd D S B, will all be equal. The motion of the eavA 
is sometimes ^quicker and sometimes slower in moving 
-through equal parts of its orbit ; for, when the earth is 
at A (in the winter) the sun attracts it more stn^ly, 
•and therefore the motion is quicker than any inrbererelse ? 
^likewise, when it is at.B (in the summer) it is least af- 
fected by the sun's attraetion, andyconsequently, the mo- 
tion diere is slower than in any other part of ;i|s orhit, 
tibt the power of gravity decreases .as*the.squaire of the 
'distance increases ;f besides, it is ohvious» from the c<m- 
•etruction of the figure, that, if the space A S £ be des- 
cribed in the same time with the space BSD, the arch 
A E will be greater than the arch B D» 

The phenomena of the different seasons of the yesur^ 
3 will appear plainly from the following observations. Let 
A B C D (Plate III. Fig. 1.) represent the plane of the 
earth's annual orbit, having the sun in the focus F^; and 
let ai, an imaginary line passing through the oentre of 
the earth, be perpendicular to this plane ; aiid let the 
axis N S, of the earth, make an angle of 23^ 28' with 
this perpendicular ; dien, if the earth move in the diree- 
tion A, B, C, D, in such a manner that N S may always 
remain parallel .to itself, and preserve the same angle 
with a.&, it will point out the seasons of the year ; for^ 
« suppose a line to be drawn from the centre of tlie sun 
•to the centre of the earth, it is evident that the sun 
will be vertical to that part of the earth which is cut by 
ithis line. Now, when the earth is in Libra «&«, the sun 
will appear to be in Aries T, the days and nights will 
be equal in both hemispheres, and the season a mediuix^ 



"* Thb law was discorered by Kepler, and demonstrated by Sir 
Isaac Newton. See the Principia, Book III. Psop. ziii. 
f Newton'« Principia» Bock III. Prop. ii. 



t>6tvreeh summer and winter ; the line dividing the dark 
and light hemispheres, passes through the two poles 
N and S, and, consequendy, divides all the parallels of 
latitude, as P R, into two equal parts ;. hence, the inhab- 
itants ot the whole , face of the earth have their days 
and nights equal, viz* twelve hours each* While the 
earth moves from Libra ^ to Capricorn ^3 , the north 
pole N wtU become more and more enlightened, and 
the south pole S will be gradually involved in darkness ; 
consequently, the days in the porthem hemisphere will 
contSHue to increase in length, and in ^e southern hem- 
isphere they will decrease in the same proportion, all 
the parallels of latitude beiQg unequally divided* When 
the earth has arrived at Capricorn V3 , the sun will ap- 
pear to be in Cancer^JEo, it will be summer to theinha- 
bitants of the northern hemisphere, «nd winter to those 
in the southern ; the inhabitants at the^orth pole, and 
Irithin the arctic circle, will have constant day, and 
^ose at the south pole, and within the antarctic circle, 
will have constant ni^t* While the earth moves from 
Capricorn VJ to Aries T, the south pole will become 
more and more enlightened; consequently, the days 
hi the southern hemisphere will increase^ in length, and 
in the northern hemi^here ^ey will decrease. When 
the earth has arrived at Aries T, the sun will appear 
to be in Libra ^, and the days and nights will again 
be equal all over the surface of the earth. Again, as 
the earth moves from Aries V towards Cancer 25, the 
light will gradually leave the north pole and proceed to 
the south ; when die earth has arrived at Cancer 25 , it 
will be summer to the inhabitants in the southern 
hemisphere, and winter to those in the northern : the 
Inhabitants of the south pole (if any) will have con- 
tinual day, those at the north pole, constant night. — 
Lastly, while the earth moves from Cancer 25 to Capri- 
corn yj , the sun will appear to move from Capricorn >^ 
to Cancer 25, and the days in the northern hemisphere 
will be increasing, while those in the southern will be 
diminishing in length ; and while the earth moves from 
Capricorn VJ to Cancer 25; the sun will appear to move 
from Cancer 25 to Capricorn ^3 ; the days in ihe north- 
em hemisphere will then be decreasing, and those in 
the southern hemisphere increasing. In all situations 
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of the earth, the equator 'will be divided into two equal 
parts ; consequently, the days and nights at the equator 
are always equal. Thus, the different seasons are clearly 
accounted for, by the inclination of the axis of the 
earth to the plane of its orbit,"^ combined with the pa-* 
rallel motion of that axis. 



CHAPTER V. 

Of the Origin of Springs and Rivers^ and of the Salt* 

ness of the Sea. 

Various opinions have been Ifeld by ancient, as well 
as modem philosophers, respecting the origin of spring? 
and rivers ; but'the true cause is now pretty well ascer- 
tained. It is well known that the heat of the sun draw^ 
vast quantities of vapour from the sea, which, being 
carried by the wind to all parts of the globe, and being 
converted by the cold into rain and dew, it falls down 



* In addition to these observafiona, the author farther illustrates 
the seasons of the year by an orrery i and sometimes by a brass 
wire supported on two stands of different heights, correspondent 
to the diameter of the wire circle and the obliquity of the ecliptic ; 
as in Ferguson's Astronomy, chap. x. But, as this last method does 
not so clearly shew the obliquity of the axis of the earth to the plane 
of its orbit : take a board of any convenient dimensions, suppose 
two feet across, on which describe a circle, or an ellipsis differing 
little from a circle, draw a diameter O FO (Plate III. Fig. 1.) and 
parallel to this diameter let several lines ej be drawn, then bore 
several holes perpendicularly down in the points e, e, &c. of the 
circumference of the circle, take two pieces of wire crossing each 
other in an angle of 23^ 28' ; as a ^, and nf, of which a g the per* 
pendicular wire is the longer, and connect them by a straight wire 
ef; then placing a small globe on the point n, and a light in the 
centre of the circle, of the same height as Uie centre of the httle 
globe; let the point ^ in the longer wire be fixed successively in 
the holes e, e, &c. in ttie circumference of the circle, so' that th6 
base ef of the wire, may rest on the lines e/in the plane of the 
earth's orbit, the seasons of the year will be agreeably and accu- 
rately illustrated. If the little globe be placed upon the point a, in- 
stead of the pwint «, and the same method be observed in moving 
the wires round the orbit, there will be no diversity of seasons*. 
The diurnal revolution of the earth ma,} be shewn by moving the 
globe round the Wire nf as an axis with tli« finger. 
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tipon thr earth ; part of it runs down into the lower 
places, forming rivulets, part serves for the purposes 
of vegetation, and the rest descends into hollow cav- 
erns within the earth, which, breaking out by the sides 
of the hills, forms little springs ; many of these 
springs running into the valleys increase the brooks or 
rivulets, and several of these meeting together make a 
river. 

Dr. Halley^ says, the vapours that are raised copi- 
ously from the sea, and carried by the winds to the 
ridges of mountains, are conveyed to^ their tops by the 
current of air ; where the water being presently preci- 
pitated, enters the crannies of the mountains, down 
which it glides into the caverns, till it meets with a stra- 
tum of earth or stone, of a nature sufficiently solid to 
sustain it. When this reservoir is filled, the superflu- 
ous water, following the direction of die stratum, runs 
ever at the lowest place, and in its passage meets per- 
haps with other little streams, which have a similar ori- 
gin ; these gradually descend till they meet with an aper- 
ture at the side, or foot, of the moimtain, through which 
they escape and form a spring, or the source of a brook 
or rivulet. 'Several brooks or rivulets, uniting their 
streams, form small rivers, andthe^e again being join- 
ed by other small rivers,- and united in one common 
channel, form such streams as the Rhine, Rhone, Dan< 
ube, &c< 

Some springs yield always the same quantity of wa- 
ter, equally when the Ifeast rain or vapour is afforded, as 
when the rain falls in the greatest quantities ; and as the 
fall of rain, show, &c. is inconstant or variable, we have 
here a constant effect produced from an incbnstant cause, 
which is an unphilosophical conclusion. Some natural- 
ists, therefore, have recourse to the sea, and derive 
the origin of several springs immediately from thence, 
* by supposing a subterraneous circulation of porcelated 
waters from the fountains of the deep. 

• That the sun exhales as much vapour as is sufficient 
for rain is past dispute, having been several times 



Thilosopbical Transactions, Ko. X92, 
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proved by actual experiments. Dr. Halley*determme4 
by experiment and calculation,! that in a summer's day, 
there may be raised in vapours from the Mediterranean 
^280 millions of tuns of water, and yet the Mediterra? 
nean does not receive from all its rivers above 1827 
pdiUions of tuns \n a day, which is little more than a 
third part of what is exhausted by v^ours ^ dnd froupi 
the river Thames, twenty millions three hundred thou« 
f and tuns may be raised in one day in a similar manner^^ 
In the Old Continent there are about 430 rivers which 
fall directly into the ocean, or into, the Mediterranean 
and 31ack Seas, and in th^ New Continent, scarcely 
180 rivers are known, which fall directly into the sea: 
\}ut in this nuniber, only the greater rivers are compret 
hended.^ Ail these rivers carry to the sea a great 
quantity of mineral and saline particles, which they 
wash from the djifferent soils through which they pass, 
and the particles of salt^r which are easily dissolved, a£e 
conveyed tp the sea by the wat^. Dr. Halley imagities^ 
that the saltness of the sea proceeds from the salts of 
^he earth only, which rivers convey thither, and that, it 
was originally fresh. So^tbat its saltness will ^ntinuQ 
to increase ; for, the vapours which arewexhaled from 
the seas are entirely fresh? or devoid of saline particles^ 
Others imagine that there is a great number of rocki^ 
of salt at the bottom of the sea, and fl:om the$e rocks 
It acquires its saltness. Some writers again, have ima- 
gined that the sea was created salt that it might not 
corrupt ; but it may well be supposed that the sea is 
preserved from corruption by the agitations of the wind, 
and from the flux ana reflux of the tide, as niuch as by 
the salt it contains ; for, when sea water is kept in a bar* 
rel, it corrupts in a few days. Thp (ionourable Mr^ 



* Dr. HaUey was an eininent mathematician^, ai|tronomer> an4 
philosopher, born in London^ in the year 1656. 

•j* Pliilosophiqal Transactions, No. 212. 

i As evaporation cannot carry off fixed salts, it would appear 
that if the above calculation be accurate, the Mediterranean would 
be more salt than the Ocean, but it must be remembered that a cur- 
rent sets constantly out of the Atlantic Ocean into tlie Mediterra* 
nean. 

5 Buffon's Natural History. 
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3oyle* relates, that a mariner becalmed for thirteen 
days, found at the end of that time the sea so infected* 
that if the calm had continued, the greater part of his 
people on board would have perished. The sea is near* 
ly equally salt throughout, under the equinoctial line 
and at the Cape of Good Hope, though there are some 
places on the Mozambique coast where it is salter than 
elsewhere. It is also asserted, that it is not quite so 
salt under the arctic circle as in some other latitudes,f 
this probably may proceed from the great quantity of 
^now, and the great rivers which fall into those seas : to 
which we may add, that the sun does not draw such 
quantities of fresh water, or vapours, from those seas 
as in hot countries. ' 

It is worthy of remark, that all lakes from whicli 
rivers derive their origin, or which fall into the course 
of rivers, are not saline 4 and almost all those, on the 
contrary, which receive rivers, without other rivers 
issuing from them are saline : this seems to favour Dr. 
Halley's opinion respecting the saltness of the sea, for 
evaporation cannot carry off fixed sal|i ; and, consequent- 
ly, those salts which 'rivers carry into the sea remain 
tiiere. It is asserted to be the peculiar property of sea- 
water, that when it is absolutely salt it never freezes ;$ 
and that the islands or rocks of ice which float in the 
sea near the poles, are originally frozen in the rivers, 
and carried thence to the sea by the tide ; where they 
continue to accumulate by the great quantities of snow 
and sleet which fall in those seas. According to this 
opinion, great quantities of ice can be produced only 
from great quantities of fresh water, or from large 
rivers, and as large rivers can only flow from large tracts 
of land, it would appear that there must be immense 



• A younger son of the Earl of Cork, and one of the most cele- 
brated philosophers in Europe, born at Lismore in the county of 
Waterford, 1626-7. See his treaUse on the saltness of tiie sea, 
published in 1674. 

f In a treatise on Chemistry, published by Dr. Thompson of 
Edinburgh, page 375, it is stated that tlie ocean contains most salt 
between 10^ and 20** south latitude, and that the proportion of salt 
\s the least in latitude 57** north. 

t iiuffon's Natural History, Chap. II. 

f Emerson^s Geography, page 6i. 
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tracts of land near the south pole, for the Antarctic 
Ocean abounds with fields or mountains of ice, as well 
as the Arctic Ocean ; but our circumnavigators have 
traversed the southern Ocean to upwards of seventy 
degrees south latitude, without discovering any land. 
With respect to the freezing of salt water, we have 
several instances of the Baltic,* and other seas, being 
frozen over, when the ice on the Surface could never 
proceed from rivers. It is true that the sailors fre- 
quendy take large pieces of the vocks of ice, and thaw 
them for the use of the ship's company, and always 
find the water fresh ; but it does not follow from this 
that the ice is formed in the river. As fresh water only 
is extracted from sea water by the heat of the sun, and 
carried into the atmosphere : may not the fresh, without 
the saline, particles of sea w^ter be converted into ice by 
extreme cold^ 



CHAPTER VI. 

Of the Flux and Reflux of the Tides. 

A Tide is that motion of the water in the seas and 
rivers, by which they are found to rise and fall in a 
regular succession ; and this flowing and ebbing is caused 
by the attraction of the sun and moon.f 

/ Suppose the earth to be entirely covered by a fluid, as 
A, B, Z, C, D, Q, N. (Plate III. Fig. 2,) and the ac- 
tion of the sun and moon to have no effect upon it ; then 



* The Baltic Sea is not so salt as the Ocean, and the proportion 
of salt is increased by a west wind, and still more by a Horth-west 
wind : a proof that not only the saltness of the Bahic is derived 
from the ocean, but that storms have a much greater effect upoti the 
waters .of the ocean than has been supposed. Dr. Thomson's Chem- 
istry, page 375. The Baltic Sea has little or ho tides, and a current 
runs constantly through the Sound into the Cattegate sea. 

f This was known to the ancients. Pliny expressly says, that the 
cause of the ebb and flo^v is in the sun, which attracts the waters 
of the ocean ; and that they also rise in proportion to the prox- 
imity of the moon to the earth. Dr. Hutton's Matli. Diet., wor4 
Tides. 
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It is evident that all the particles, being equally attract- 
ed towards the centre O of the earth, would form an 
exact spherical surface ; except, that by the revolution 
of < the earth on its axis N' S\ the attraction from B to- 
wards O, and from Q towards O would be a little di- 
tninished by the centrifugal force. Let the moon' at M 
now exert her influence upon the witer ; then, because 
the power of attraction diminishes as the square of the 
distance increases, those parts will be the most attract- 
ed which are the nearest to the moon, and their tendency 
towards O will be diminished ; the waters at Z, B, and 
C, will, therefore, rise, and at Z, which h nearest to the 
moon, they will be the highest ; \but wheii the waters m 
the zenith Z are elevated, those in the nadir N are 
likewise elevated in a similar nianner ; this is known 
from experience, for we have high water when the 
moon is in our nadir, as well as when she is in our 
zenith ; we, therefore, conclude that, when the moon is 
in our zenith, our antipodes have high water: the 
truth of this, as well as every other phenomena respect* 
ing the tides, will be discussred in the following theo- 
rems. 

Theorem I.* The farts of the earth directty under 
the moon^ or where the moon is in the Zenith^ as at Zy 
(Plate III. Fig. 3.) and those places which are did- 
metricallif opposite to the former^ or under the Nadir ^ 
as at Nj will have high water at the same time. 

Because, the power of gravity decreases as the square 
of the distance increases ; the waters at A, B, Z, C, D, 
on the side of the earth next the mooti M, will be more 
attracted by the moon than the central parts O of the 
earth, and the central parts will be more attracted than 
the surface N on the opposite side of the earth ; there- 
fore, the distance between the centre of the earth and 
the surface of the water, under the zenith and nadir, 
will be increased. For, let three bodies Z, O, and N, 
be equally attracted by M ; then it is evident they will 
all move equally fast towards M, and their mutual dis- 
■ ~- - '■ - ■■■■ I - I - ■ I ^^.^^^.^.^^^ 

• A theorem is a proposition which admits of proof, or demon- 
stration, fi'om definitions clearly understood, and Irom the known 
general properties of the subject under consideration. 
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tances from each other will continue the same ; but iif 
the bodies be unequally attracted by M, that body which 
is the most attracted will move the fastest^ and its dis- 
tance from the other bodies will be increased. Now^ 
b}'' the law of gravitation, M will attract Z more strong-* 
ly than it does O, by which the distance between Z and 
O will be increased* In like manner O being more 
strongly iattracted than N) the distance between O and 
N* will be increased ; suppose now a numbetof bodies 
A, B, Z, C, D, F, N, E, placed round O, to be attract* 
ed by M, the parts Z and N will have their distanced 
from O increased 5 while the parts A and D, being 
nearly at the same distance from M as O is, will not 
t^ecede from each other, but will rather aj^roacb neareir 
to O by the oblique attraction of M. Hence, if die 
whole earth were composed of bodies similar to A, B, 
Z, C, D, F, N, E, and to be similarly attracted by M^ 
the section of the earth, formed by a plane passing 
through the moon and the earth's centre would be a 
figure resembling an ellipsis, having its longer axis Z N, 
directed towards the moon ; and its shorter axis A D 
in the horizon. The figure of the earth, therefore, would 
be an oblong spheroid, having its longer axis directed 
to the moon ; consequently, it will be high water in the 
zenith and nadir, at the same time ; and as the eartli 
turns round its axis from the moon to the moon again 
in about 24 hours and 48 minutes, there will be two 
tides of flood and two of ebb in that time, agreeably to 
experience. 

According to the foregoing Explanation of the ebbing 
and flowing of the sea, every part of the earth is grav- 
itating towards the moon ; but as the earth revolves 
round the sun, every part of it gravitates towards the 
sun likewise ; it may be asked how is this possible at 



• This appears very plain, but Mr. Adam Walker, a gentleman 
well known as an mg-euious lecturer on philosophy, says, " I hat 
tlie moon's influence should bfc less at N than Z there can be little 
doubt ; but still the place N tends to the earth's centre O, as much 
us any either part of the globe, and is rather increased than dimin- 
ished by the power at M. How, therefore, the tide at N should 
rise for want of attraction, or from being left behind, at that place 
I cannot conceive^ though it is agreeable to tho Newtonian hypo- 
tiiesis.** 
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die time of full moon, when the moon is at m, and the 
sun at S ; that the earth has a tendency to fall contrary 
ways at the same time t This is a ver}* natural question^ 
but it must be considered that St is not the centre of the 
earth that describes the annual orbit round the sun, but 
the common centre of gravity of the earth and moon 
together ; and that whilst the earth is moving round 
Ae sun, it also describes a circle round that centre of 
l^avity, about which it revolves as many times as the 
moon revolves round the earth in a year.* The earth 
is, therefore, constantly falling towards the moon, from a 
tangent to the circle which it describes round the com- 
mon centre of gravity of the earth and moon. Let M 
represent the moon (Plate III. Fig. 4.) T W a part of 
the moon's orbit, and as the earth is supposed to contain 
about forty times the quantity of matter which is con* 
taiaed in die moon, the common centre of gravity from 
the centre of the earth towards the moon>, will be con- 
siderably less than the earth's diameter :f let this com« 



* Ferguson's Astronomy, Article 298. 

j* The common centre of gravity of two bodies is found thus ; as 
the sum of their weights, or quantities of matter in the two bodies 
is to their distance from each other, so is the weight of the less 
lx>dy to the distaniSe of the greater from the centre ofgravity. Now, 
if the quantity of matter in the moon be represented by 1, that in 
the earth by 40, and the distance of the earth from the moon be es- 
timated at 240,000 miles, then 40+1 : 240000 : : 1 : 5853 miles, the 
distance of the centre of the earth from the common centre of grav* 
ity. Mr. Ferguson, in a note, makes the distance 6000 miles ; but 
his calculation is wrong, for he has forget to add the quantity of 
matter in the moon to that of the earth. Mr. Adam Walker, in the 
11th Lecture of his Familiar Philosophy, has made exactly the same 
mistake. It may be said that the error here is trifling ; the objec- 
tion is not made to the quantity df the error, but to the principle of 
calculation, which may lead a learner, in many instances, into very 
considerable errors.— Mr. A. Walker, in the same Lecture, ingeni- 
ously accounts for its being fiigh- water in the zenith and nadir at 
the same time, in the following manner : ** The parts of the earth 
that are the farthest from tbe moon, will have a swifter motion round 
the centre of gravity than the other parts ; thus, the side «, will 
describe the circle n V Y, while the side tn will only describe the 
small circle mr^, round the centre of gravity C. Now, as every 
thing in motion always endeavours to go forward in a straight line, 
the water at n, having a tendency to go off in tlie line n 7, will, in a 
degree, overcome the power of gravity, and swell into a heap or 
protuberance, as represented in the figure, and ueeaslon a tide oppo« 
^te to that caused by the attraction of the mooa" 



mon centre of gravity be represented by C. Then whil$t 
'the moon goes round her orbit, the centre of the earth 
^ describes the circle doe round C, to which circle Oa\» 
a tangent : therefore, when the moon has gone from ]^ 
;to a little past W, the earth has moved from to e^ 
and in that time has fallen towards the moon from the 
.tangent at a to p. This figure i^ drawn for the ^ev 
^rnoon, but the earth will tend towards the moon in the 
'same manner during its whole revolution round C* 

^Theorem II. Those parts of the earth where the moojf. 

appears in t/ie horizon^ or 90 degrees. distant from th£ 
. Zenith and Nadir ^ as at A axufD (Fl(ite JIL Fi0. 3^) 

ivHl have ebb. or low water* 

•" For, as the waters under the zenith and nadir rise at 
the same time, the waters in their neighbourhood wifl 
press towards those places to maintain the equilibrium^; 
und, to supply the place of these waters^ others wiQ 
move the same way, and so on to places of 90 degrees 
distance from the zenith and n^dir : coniequeutly^ at,^ 
and D where the moon appears in the horizon, the wa« 
ters will have more liberty to descend towards the cen- 
tre of the earth ; and, therefore, in those places they 
!will be the lowest, Hence, it plainly appears, that 
the ocean, if it covered the whole surface of the earth, 
would be a spheroid (as was observed in the foregoing 
theorem) the longer diameter as Z N passing through 
the place where the moon is vertical, and the shorter 
diameter as A D passing through the rational horizon 
of that place. And, as the moon apparently^ shifts 
her position from east to west in going round the earth 
every day, the longer diameter of the spheroid follow- 
ing her motion, will occasion the two floods and ebbs iv^ 
about 24 hours and 48 minutes,! the time which any 



• The real motion of the moon is from the west towards the east | 
for, if she be seen near any fixed star on any night, she will be seen 
abqut 13 decrees to the eastward of that star on the next nig-ht, and 
80 on. The moon goes ix)und her orbit from any fixed star to the 
same again in about 97 days, 8 hours. Hence, 27d, 8h. : 660^ : : Id. . 
X3^ 10' 14". 6 the mean motion of the moon in 24 hours. 

t ^he mean motion of the moon in 24 hours is, IS** lO* 14".6 and 
the mean appai*ent motioa of U^^ sun iii ^he same time is 59' 8''.d 
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mieridian of the earth takes in revelving from the mooa* 
tb the moon again ; or the time elapsed (at a medium^ 
bfetween the passage of the moon over the meridian of 
«hy place, to her return to the same meridian. 

The meridian altitude of the moon at any place is 
her greatest height above the horizon at that place ; 
hence, the greater the moon's meridian altitude is, the' 
gt^ter the tides will, be ;, for _they increase from the 
horizon D to the point Z under the zenith : and the 
greater the moon'i^ meridian depression is below the 
horizon, the greater the tides will be ; for they in- 
crease from the horizon D towards N) th« point below 
Ae nadir ; and, consequently, as the tides increase' 
from D to N, the tides in their antipodes will increase 
from A to Z. 

Theorem III. The time of high water is not precisely 
at the time of the moorCs coming tq the meridian^ bu^ 
. about an hour after* 

For, the moon acts with some force after she has 
passed the nieridiah, and, by that means, adds to the 
libratory, or waving motion, which the waters had ac« 
quired whilst she was on the meridian. 

Theorem IV. The tides are greater than ordinary 
twice every months viz. at the times of new and full 
moon ; and these are called Spring-tides. (Plate 
III. Fig. 3 J 

^ For, at these times, the actions of both the sun and 
mOon concur to draw in the. same straight line S M Z 
O N, and, therefore, the sea must be more elevated. 
In conjunction, or at the new moon, when the sun is 
at S and the moon at M, both on the same side of the 
earth, their joint forces conspire to raise the water in . 
the zenith at Z, and, consequently, (according to Theo* 



V 



mf 



(see the note to definition 61, page 13) t}ie noon's motion is tl 
fore 12<* 11' 6".4 swifter than the apparent motion of the sun ii 



thet«« 

^^ ._ . in one 

day, which, reckoning 4 minutes to a degree, amounts to 4a minutes, 
44 seconds of time. 
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rem L) at N the nadir likewise.* When the sun and 
moon are in opposition, or at the full moon, when the 
sun is at S and the moon at m, the earth being between 
them ; while the sun raises the water at Z under the 
zenith, and at N under the nadir, the moon raises 
the water at N imder the nadir, and at Z under the 
zenith. 



• -Mr. Walker stays (Lecture 1,1th) that at new moon '* Th« 
sun's influence is added to that of the muon, and the centre of grav- 
ity C (Plate m. Fig. 4.) will, therefore, be removed farther from 
the earth than m C ; and, of course, increase the centrifugal ten- 
dency of the tide n .- hence, both the attracted and centrifugal tides 
are springtides, at that time**—'* But spring-tides take place at 
the full as weU as at the change of the moon. Now, it has been 
premised, that if we had no mMwn, the sun would agitate the ocean 
in a small degree, and make two tides every twenty-four hours, 
though upon a small scale. The moon's centrifugal tide at Z (Plate 
111. Fig. 3.) being increased by the sun's attraction at S, will make 
the protuberance a spring-tide ; and the sun's centrifiigal tide at N 
-will be reinforced by the moon's attraction at m, and make the pro- 
tuberance ^ a spring-tide ; so, spring-tides take place at the full as 
well as change of the moon.*' — Suppose the moon to be taken away« 
(Plate Hi Fig 4 ) the common centre of gpravity of the earth and^ 
the sun would fall entirely within the body of the sun, round \diich 
the ea;th revolves in a year, at the rate of about a degree in a day t 
hence, the parts n of the earth fisurthest Irom the^ sun would have a 
little more tendency to recede from the centre of motion S, than the 
parts tn which are the nearest. So that if the sun were on the me- 
rkiian of any place, it would be high water at that place by the sun's 
attraction, and it would at the same time be high water at the anti- 
podes of that place by the centrifiigal tendency of n / consequently* 
as the earth revolves on its axis from noon to noon in 24 hours, there 
would be two tides of flood and two of ebb during that time. If the 
line m C be increased when the moon is in conjunction with the sun, 
so as to cause the point n to describe a larger circle than n V Y, and, 
also, the point m to describe a larger circle than m r « round die cen-^ 
tee of gravity C ; when the sun is in opposition to the moon, the 
line in C will be diminished, n will therefore describe a smaller cir- 
cle than n V Y, and m will describe a smaller circle than fnr s. 
Hence, it appears, that the centrifugal tendency of n is greater at 
the new moon than it is at the full moon, and m is likewise more 
strongly atti^acted at the same time ; the spring-tides at the time of 
conjunction would, therefore, be considerably greater than at the 
time of opposition, were not the moon's centrifugtd tide at this 
time attracted by the sun, and the sun's centrifugal tide added to 
that caused by the moon's attraction. 
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T:^£OREM V. The tides are less than ordinary twice 
every month ; that is about the time of the first and 
last quarters, of the moon^ and these are called Neap- 
tides. C Plate IIL Fig. Z.J 

Because, in the quadratures, or when the moon is 
90 degrees from the sun, the sun acts in the direction 
S D, and elevates the water at D and A ; and the moon 
acting in the direction M Z or m N, elevates the water 
at Z and N : so that the sun raises the water wl^ere the 
moon depresses it, and depresses the water where the 
moon raises it i consequently, the tides are formed only 
by the difference between the attractive force of the 
aun and moon. The waters at Z and N will be more 
elevated than the waters at D and A, because, the 
moon's attractive force is four times that of the sun.* 

Theorem VI. The Spring-tides do not happen exactly 
' on the day of the cluinge or full moon^ nor the Neap* 

tides exactly on the days of the quarters^ butja day or 

two afterwards* 

When the attractions of the sun and moon have con- 
spired together for a considerable time, the motion im- 
pressed on the waters will be retained for some time 
after their attractive forces cease, and, consequently, 



* Sir Isaac Newton (Cor. 0. Prop XXXVII. Book III. Princip,) 
makes the force of the mooo to that of the sun, in raising the waters 
of the ocean, as 4.4815 to 1 ; and in Corol. 1. of the same proposi- 
tion, he calculates the height of the solar tide to be 2 feet Oi incfa, 
the lunar tide 9 feet 1| inch, and by their joint attraction 11 feet 
2 inches ; when the moon is in Perigee the joint force of the sun 
and moon will raise the tides upwards of 13^ feet. Sir Isaac New- 
ton's measures are in French feet^ in the Principia. I have turned 
them iJkto English feet. 

Mr. Emerson, in his Fluxions, Section in. Prob. 25, calculates 
the greatest height of the solar tide to be 1.63 feet, the lunar tide 
r.28 feet, and by their joint attraction 8.91 feet, making the force 
of the sun to that of the moon as 1 to 4.4815. 

Dr. Horsier, the late bishop of St. Asaph, estimates the force of 
the moon to that of the sun as 5.0469 to 1. See his edition of ^e 
Principia, lib. 3. sect. 3 Prop. XXXVI. and XXXVII. 

Mr. Walker, in Lecture 11th of his Familiar Philosophy, statet 
the influence of the sun to be to the influence of the moon, to nuse 
the water, as 3- is to 10, and their joint force 13; but he gives no 
reason why these ntiml|>er8 are used. 
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^e tide will ccmtinue to rise. IH like mdmi^ef; at the 
c|uarters, the tide wiH be the lowest when the moon's 
attraction has been lessened by the sun's for several 
days together. If the action of the sun and moon were 
suddenly to cease, the tides wovild continue their course 
fbr some time, like as the waves of the sea continue to 
be agitated after a storm. 

TffEOREM VII. When themoon'is nearest to the etrth^ 
or in Perigeei the tides increase more than in similar* 
' circumstances at other times. 

For, the power of attraction increases as At square^ 
of the dbtance of the moon from the earth decreases ; * 
consequently, the moon must attract most when she is^ 
nearest to the earth. 

TefiOREM VIII- The spring^tides are greater a short 
time before the vernal equinox ^ andafter^he autumnal 
equinox^ viz* about the latter end of March and Sep' 
tember^ than at any other time of the year* {Plate 
III. Fig. 3. J . 

Because, the sun and moon will then act upon the 
equator in the direction ay* B ; consequently, the sphe*' 
roidal figure of the tides will then revolve round its 
longer axis, and describe a greater circle than at any 
other time of the year; and, as this great circle is 
described in the^ame that a less circle is d.escribed, 
the waters will be thrown more forcibly against the 
shores in the former circumstance than in the latter* 

Theorem IX. Lakes are not subject to tides; and smdll 
inland seas^ such as the Mediterranean and Baltic^ are 
little subject to tides. In very high latitudes^ north 
or souths the tides are also inconsiderable. 

The lakes are so small, that when the moon is ver- 
tical, she attracts every part of them alike. The Medi- 
terrtmean and Baltic seas have very small elevations ; 
because, the inlets by which they communicate with ' 
the ocean are so narrow, that they cannot, in so short a 
time, receive or discharge enough to • raise or lower 
their sur&ces sensibly^ 
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^1^9EOK£H X. T^e time of the tides happening' inpartic* 
ular places^ and likewise their height^ may be very 
different^ according to the situation of these places* 

For, the motion of the tides is propagated swifter 
in the open sea, and slower through narrow channels, 
or shallow places ; and being retarded by such impedi- 
ments the tides cannot rise so high. 

6£N£RiLL 'OfiSERVATIONS. 

The momiing tides differ generally in their rise froi|i 
t|ie ev^iung tides. 

The i^ew and ^jU mopii ^rjbng-tidesrisie to different 
^eiglits. 

jtn winter the miming tides are highesjt. - 
Jn summer the evening tides are highest* 
The tides follow, or .now towards, the course of the 
;iaoon, when they meet with no imped[imen;t« Thus, the 
jthe tide on the coast of Norway flows to the south, (tOr 
jirards the coursf of the moon) from the North-cape i^ 
Norway to the Naze at the entrance of the Scaggerac 
pr Cattegate Sea, where it meets with the current which 
sets constantly out of the Baltic Sea, and« consequently^ 
prevents any tide rising in the Scaggerac. v The tide 
proceeds to the southward along the east coast of Great 
Britain, supplying the ports successively with high wa-^ 
ter, beginning first on the coast of Scotland. Thus, 
^t is high water at Tynemouth Bar at file time of new 
and fuU moon about three hours after the time of high 
water at Aberdeen; it is high water at Spum»head 
about two hours after the time of high water at Tyne^ 
piouth Bar ; in an hour more it runs down the Humber, 
and makes high water at Kingston near Hull ; it is about 
^hree hours running from Spurn-head to Yarmouth 
jRoad; one hour in running from Yarmouth Road to 
Yarmouth Pier; 2^ hours running from Yarmouth 
Road to Harwich ; 1^ hour in passmg from Harwich 
to the Nore, from whence it proceeds up the Tham<es 
to Gravesend and London* From the Nore, the tide 
continues to flow southward to the Downs and Godwin 
Sands, between the north and south JPoreland in Kent, 
where it meets the tide which flows out of the £nglish 
Q^l^nnel| through the Strait of Dover. v 
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While the tide, or high water, is thus gliding to the 
southward along the eastern coast of Great Britain, it 
also sets to the southward along the western coasts of 
Scotland and Ireland ; but, on account of the obstruc* 
tions it meets with by the Western Islands of Scotland, 
and the narrow passage between the north-east of Ire- 
land and the south-west of Scotland, the tide in the Irish 
sea comes round by the south of Ireland, through St. 
George's Channel, and runs in a north-east direction, 
till it. meets the tide between Scotland and Ireland at 
the north-west part of the Isle of Man. This may be 
naturally inferred, from its being high water at Water- 
ford above three hours before it is high water at Dublin ; 
and it is high water at Dundalk Bay and the Isle of 
Man nearly at the same time. That the tide continues 
its course southward, may be inferred, from its being 
high water at Ushant, opposite to Brest in France, about^ 
an hour after the time of high water at Cape Clear, on 
the southern coast of Ireland. Between the Lizard 
Point in Cornwall and the Island of > Ushant, the tide 
flows eastward, or east-noith-east, up the English Chan- 
nel, along the coasts of England and France, and so on 
through the Strait of Dover, till it comes to the God* 
win Sands, or Galloper, where it meets the tide on the 
eastern coast of England, as has been observed before*. 
The meeting of these two tides contributes greatly to- 
wards sending a powerful tide up the river Thames to 
London; and, when the natural course of these two 
tides has been interrupted by a sudden change of the 
wind, so as to accelerate the tide which it had before 
retarded, and to drive back that tide which had before 
been driven forward by the wind, this cause has been 
known to produce twice high water in the course of 
three or four hours. ' The above account of the British 
tides seems to contradict the general theory of the mo*' 
tion of the tides, which ought always to follow the moon,' 
and flow from east to west : but, to allow the tides their 
full motion, the ocean, in which they are produced, 
ought to extend from east to west at least 9& degrees^ 
or 6255 English miles ; because, that is the distance 
between the places where the water is the most raised 
and depressed by the moon. Hence, it appears, that 
it is only in the great oceans that the tide can flow 



regularly from eastt to west ; and, hence, we also see 
why the tides in the Pacific ocean exceed those in thjs 
Atlantic, and why the tid«s id the torrid zone, between 
Africa and America, though nearly under the moon, 
do not rise so high as in the temperate zones northward 
and southward, where the ocean is considerably wider. 
The tides in the Atlantic, in the torrid zone, flow from 
east to west till they are stopped by the continent of 
America ; and the trade winds likewise continue to blow 
in that direction. When the action of the moon upon 
the waters has, in some degree, ceased, the force of the 
trade winds, in a great measure, prevents their return 
towards the African shores. The water thus accumu- 
lated* in the gulf of Mexico, returns to the Atlantic, 
between the island of Cuba, the Bahama islands, and 
East Florida, and forms that remarkable strong current 
called the Gulf of Florida^\ 



CHAPTER VII. 

&f the natural Changes of the JEarthy caused by Moun" 
tains y Floods^ Volcanaesj and Earthquakes* 

^That there have always been moimtains from the 
foundation of the world, is as certain as that there 
havfe always been rivers, bbth from reaiion and revela- 
tion ;t for they were as necessary before the flood for 
every purpose as they are at present. If the eiirth were 
{jerfecdy levisl, (as some of our world-makers have 



* To shew that an accumulation (^ watier does take place in ih.^ 
gqlf of Mexico, a surve^y was made across tke isthmus of Darien, 
when the water on the Atlantic was found to be folirteen feet higher 
than the Water on the Pacific side. Walker's Familiar Philosophy, 
Lecture xi. 

t Four riters, orradier four btwiches of one river, are expressly. 
liientioned before the flood, viz. Pison, Gihon, Hiddekel, and th« 
Euphrates. Genesis, chap. ii. And in the 7th chapter of Genesis, 
at the time of the flood, we are told that the fountains of the great 
deep were broken up, the windows of heaven were opened, the wa« 
ters prevailed exceedingly upon the eaith, and all the high hiUs and 
ih^ mountainii were covered. 

M 
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a2 HATURAL CHANGES OF THE EARTH, 

imagined, though direcdy contrary to the Scripture) 
there could be no rivers j for, water can flow only from 
a higher to a lower place ;* and instead of that btrautitul 
variety of hills and valleys, verdant ' fields, forests, &c. 
which serves to display the goodness and beneficence of 
the Deity, a dismal sea would cover the whole face of 
the earth, and render it at best ja habitation for aquatic 
animals only. '^ 

All mountains and high places continually decrease 
in height. Rivers running near mountains undermine 
and wash a part of them away, and rain falling on their 
summits washes away the loose parts, and saps th^ 
foundations of the solid parts, so that, in the course of 
time, they tumble down. Thus, old buildings on the 
tops of mountains are observed to have their founda* 
tions laid bare by the gradual washing away of the 
earth. In plains and valleys we find a contrary effect : 
the particles of eUrth washed down from the hills, SA 
up the valleys, asbd ancient houses, built in low places, 
seem to sink. For the same reason a quantity of mud, 
slime, sand, earth, &c. which is continually washed 
down from the higher places into the rivers, is carried 
by the stream, and by degrees choaks up the mouths' of 
rivers ; especially, when the soil through, which they 
run is of a loose and rich quality. Thus, the water of 
the river Mississippi, though wholesome and weft tast- 
ed, is so muddy, that a sediment of two inches of 
slime has been found in a half pint tumbler of it ;* this 
river is choaked up at the mouth with the mud, trees, 
&c» which are washed down it by the rapidity of the 
current. 

A circumstance related by Dr. Plot, in his Natural 
History of Staffordshire, will serve to give an idea of 
the quantity of earth which the rain washes from moun- 
tains, and carries along with it into the valleys. He 
says, that, at eighteen feet deep in the earth, a great 
number of pieces of money, coined in the reign of Ed- 
ward V. (viz. two hundred years before his tim«) have 
been found; so that this ground, which is boggy, has 
increased near a foot in eleven years, or an inch and 
one-twelfth every year. 

• * Morse's American Geography. 
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The highest mountains in the worid are the Andes, 
%n South America, which extend nearly 4300 miles in 
len^h| from the province of Quito to the strait of Ma- 
gellan ; the highest, called Chimboraco, is said to be 
20608 feet, or nearly four miles above the level of the 
sea : 2400 feet of which, from the summit, are always 
covered with snow. From experiments made with a 
barometer* on the mountain Cotopaxa, another part of 
the Andes, it appeared that its summit was elevated 
6252 yards, or upwards of 3^ miles, above the surface 
of the sea. There is a mountain in the island of Su- 
matra, called Ophir by the Europeans; the summit of 
which is 13842 feet high^ The Peak of TenerifFe, in 
the island of that name, is said to be 13265 feet, or 
upwards of 2^ miles high. Mount Blanc, the highest 
mountain in Europe, is 15304 feet above the level of 
4he sea. These irregularities, althoi^^ very consider- 
able with respect to us, a^e nothing, ^when compared 
with the magnitude of the globe ; thtl4 if an arch werQ 
divided into one hundred and eleven parts, the elevation 
of Chimboraco, the highest of the Andes, on a globe of 
eighteen inches in diameter, would be represented by 
one of these parts f 

Hence the earth, which appears to be crossed by the 
enormous height of mountains, and cut by the valleys 
and the great depth of the sea, is nevertheless, with 
respect to its magnitude, only very slightly furrowed 
with irregularities ; so trifling, indeed, as to cause no 
difference in its figure. 

Haying, in some measure, accounted for the de- 
scending of the earth from the hills, and filling up the 
valleys, stopping the mouths of rivers, &c. which are 
gradual, and much the same in all ages, the more re- 
markable changes may be reduced to two general causes, 
floods and earthquakes. 



* The quicksilver in a barometer falls about one tenth of an inch 
every 3^ yards of hei^t ; so that, if the quicksilver descend three* 
tenths of an inch, in ascending a hill, the perpendicular height of 
that hill will be 96 yards. This method is liable to error- See the 
Causes which affect the Accuracy of Barometrical -Experiments, in 
the li^dinburgh Philosophical Transactions, by Mr. Playfair. 

t See the first note (Chap. III. page 53.) of the Figure of the 
Eartli. 
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Tb^ real or &bulous del\|g«e9 jneptioned by the an- 
cients, Qiay be reduced to six or seven ; and, though 
some authors have endeavoured to represent them all as 
Imperfect traditions of the universal deluge, recorded 
;n the sacred writings, the abbe Mann,"^ irom whom the 
following observations are extracted, does not doubt but 
that they refer to various real and distinct events of the 
kind* 

1. The submersion of the Atlantis of Plato, proba^ 
bly was the real subsidence of a |;reat island, 9tretching 
from the Canaries to the Azores, of which thpse groups 
of small islands are the relics. 

2. The deluge in the time of Cadmu^f and Darda- 
pus, placed by the best chronologists in the year before 
Christ, 1477, is said by Diodorus Siculu^ to have inunr 
dated Samothrace and the Asiatic shores of the £ux«- 
ine sea. 

o. The deluge of Deucalion, which th^ Arundeliaa 
xnarbles4 or the Parian chronicles, fix ^t 1^29 yeara 
before Christ, overwhelmed Thessaly. 

4. The deluge of Qgyges, placed by Acusilaus in the 
year answering to 1796 before Christ, laid waste Attica 
and Bceotia. With the poetical and fabulous accounts of 
Deucalion's flood, are mingled several circumstances of 
the universal deluge ; but the best writers jatt^t th^ 
locality and distinctness both of the flood of Deucalion 
find Ogyges. 

5. Diodorus Siculus, after Manetho, mentions a flood 
which inundated all Egypt in the reign of Osiris ; but^ 
in the relations of this event, are several circumstances 
jresembling the history of Noah's flood. 



• Vidp Nouveaujt Meraoires de I'AcadeTnie Imperiale' & Royale 
^e Sciences etudes Belles Leltres, de Brussels, tome premier, 
1788. 

j* The aneient names which occur here may all be found in |!4em- 
pnere's Classical Dictionaiy. 

♦ Ancient stones, whereon is inscribed a chronicle of the city of 
Athens, eng^raven in capital letters, in the island of Paros^ one of 
the Cyclades, 264 years before Christ. They take their name from 
Tiromas Earl pf Arundel, who procured them from the East. They 
were presented to the University of Oxford, in the year 1667, by the 
Hon. Henry Howard, afterwards duke of Norfolk^ grandson to th$ 
first collector of theip. ' 
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^^ TI^ nccount gpven by Berosus the Chaldean, of 
im universal deluge in the reign of Xisuthrus, evidently 
relates to the same event with the flood pf Noah. 

7. The Persian Guebres, the Bramins, Chinese, and 
Americans, have also their traditions of an universal 
deluge. The account of the deluge in the Koran has 
this remarkable circumstance ; that the waters which 
covered the earth, are represented as proceeding from 
the boiling over of the cauldron,* or oven, Tanriour^ 
within the bowels of the eartlr; and that, when the 
waters subsided, they were swallowed up again by the 
earth* 

The s^be next gives a summary of the Scripture ac- 
count of Noah's flood, and points out very clearly, tluit 
g art of the waters came from the atmosphere, and part 
rom under ground, agreeabte to the lltb verse of the 
viith chapter of Genesis. 

- Earthquakes are another great cause of the changes 
made in the earth. From history, we have innumera- 
ble instances of the dreadful and various effects of these 
terrible phenomena. Pliny has not only recorded many 
extraordinary phenomena which happened in his own 
time, but has likewise borrowed many others from the 
citings of more ancient nations. 

1. A <jty of the Lacedemonians was destroyed by an 
earthquake, and its ruins wholly hurried by the moun- 
tain Taygetus falling down upon them.f 

2. In the books of the Tuscan Learning, an^earth- 
quake is recorded, which happened within the territory 
of Modena, when L. Martius and S. Julius were con- 
suls, which repeatedly dashed two hills against each 
other : with this conflict all the villages and many cattle 
were destroyed. 

3. The greatest earthquake in the memory of man 
was that which happened during the reign of Tiberius 
Caesar, when twelve cities of Asia were laid level in one 

night4 
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*. • This circumstance is mentioned here, because it agrees with 
Mr. Whitehurst's theory of the earth ; he supposes the flood was 
occasioned by the expansive force of fire generated at the centre of 
^e earth. 

I Pliny's Natural History, chap. 79. 

^ Pliny, chap. 84. 
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4. The eruption of Vesuvius, hi the year 79,* over- 
whelmed the two famouF: cities bf Herciilaneumf and 
Pompeii, by a shower of stones, cinders, ashes, sand, 
&c. and totally covered them many feet deep, as the 
people were sitting in the theatre. The former of these 

•cities was situated about four niiles from the crater, and 
the latter about six. 

By the violence of this eruption, ashes were carried 
over the. Mediterranean sea into Africa, Egypt, and 
Syria ; and at Rome they darkened the air on a sudden, 
so as to hide the face of the sun.:|: 

5. In the year 1533, large pieces of rock were thrown 
to the distance of fifteen miles, by^the volcano Cotopaxi 
in Peru.§ 

6* On the 29th of September, 1535, previous to an 
eruption near Puzzoli, which formed a new mountain 
of three miles in^'circumference, and upwards of 120O 
feet perpendicular height, the earth frequendy shook, 
and the plain lying between the lake Averno, mount 
Barbaro, and the sea, was raised a little ; at the same 
time the sea, which was near the plain, retired two 
himdred paces from the shore.] | 

7. In the year 1538, a subterraneous fire burst open 
the earth near Puzzolr, and threw such a vast quantity 
of ashes and pumice stones, mixed with water, as cov- 
ered the whole country, and thus formed a new moun- 
tain, /lot less than three miles in circumference, and 
near a quarter of a mile perpendicular height. Some 
of the ashes of this volcano reached the vale of Diana, 
and some parts of Calabria, which are more than one 
hundred anct'fifty miles from Puzzoli.^ 

8. In the year 1538, the famous town called St. 
Euphemia, in Calabria Ulterior, situated at the side 
of the bay under the jurisdiction of the knights of 



• Pliny lost his life by this eruption, from too eager a curiosity in 
Tiewin}^ the flames. , «. * 

f This city was discovered in the year 111^5, eighty feet below the 
surface of the earth ; and some of the streets, &c. of Pompeii, have 
since been discovered. 

i Burnet's Sacred History, page 85, vol. ii. 

§ Ulloa's Voj-age to Peru, vol i. page 324. 

B Sir W. Hamilton's Observations on Vesuvius. 

% Ibid, page 128. 
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Malta* was totally swallowed i^, with all its inhabit- 
ants, and nothing appeared but a fetid lake in the place 
of it.* 

9. A mountain in Java, not far from the town of 
Panacura, in the year 1586, was shattered to pieces by 
a violent eruption of glowing sulphur, (though it had 
never burnt befor^ whereby ten thousand people per- 
ished in the tmderland fiekls.f 

10* In the year 1600, an earthquake happened at Ar- 
quepa in Peru, accompanied with a;n eruption of sand, 
ashes, &c. which continued during the space of twenty 
days, from a volcano breaking forth : the ashes falling, 
in many places, above a yard thick, and in spme places 
more than two, and where least, above a quarter of a 
yard deep, which buried the corn grounds, of maize 
and wheat. The boughs of trees were broken, and the 
jpattle died for want of pasture ; for th^ sand and ashes, 
thus erupted, covered the fields ninety miles one way, 
and one hundred and twenty another way. During the 
eruption, mighty thunders were heard, and lightnings 
seen ninety miles round Arquepa ; and it was so dark, 
whilst the showers of ashes and sand lasted, that the 
inhabitants were obliged to burn candles at niid-day4 

11, On the 16th of June, 1628, there was so terrible 
an earthquake in the island of St. Michael, one of the 
Azores, that the sea near it opened, and in one place, 
where it was one hundred and sixty fathoms deep, threw 
up an island ; which, in fifteen days, was three leagues 
long, a league and a half broad, and 360 feet aboi^e 
the water.§ 

12. In the year 1631, vast quantities of boiling wa^ 
ter flowed from the crater of Vesuvius, previous to an 
eruption of fire ; the violence of the flood swept away 
several towns and village?, and some thousands of in^ 
habitants.^ ♦ 



• Dr. Hooke's Po|^ page 306. 
f Varenius* Geography, vol. i. page 150. 
+ Dr Hookers Post, page 304. 

i Sir W. Hamilton's Observation's on Vesuvius and iEtna, page 
159. 
IT Ibid. 
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13. In the year 1682, rocks were thrown to die dis^ 
tance of three miles from Vesuvius.* 

14. In the year 1646, many of those vast mountain!! 
the Andesf were quite swallowed up and lo8t4 

15. In the year 1592, a great part of Port Royal in 
Jamaica was sunk by an earthquake, and remains cov- 
ered with water several fathoms deip ; some mountain^ 
sdong the rivers were joined together, and a plantation 
Was removed half a mile from the place whete it for- 
merly stood.§ 

16. On the 11th of January, 1693, a great earthquake 
happened in Sicily, and chiefly about Catania ; the vio- 
lent shaking of the earth threatenc^d the whole island 
with entire desolation. The earth opened in several 
places in very long clefts, some three or four inches 
broad, others like great gulfs. Not less than 59)96d 
persons were destroyed by the falling of houses in dif^ 
ferent parts of Sicily. || 

17. In the year 1699, seven hills were sunk by an 
earthquake in the island of Java, near the head of the 
great Batavian river, and nine more were also sunk 
near the Tangarang river. Between the Batavian and 
Tangarang rivers, the land was rent and divided asun- 
der, with great clefts more than a foot wide.^ 

18. On the 20th of November, 1720, a subterrane- 
ous fire burst out of the sea near Tercera, one of. the 
AzoreSj which threw up such a vast quantity of stones^ 
&c. in the space of thirty days, as formed an island 
about two leagues in diameter, and nearly circular. 
Prodigious quantities of pumice stone, and half-broiled 
fish, were found floating on the sea for many leagues 
routid the island.** 

19. In the year 1746, Calloa, a considerable garrison 
town and sea port in Peru, containing 500© inhabitants, 
was violently shaken by an earthquake on the 28th of 

* Baddam's Abridg.Phil. Trans, vol. ii.p. 417. 
j- M. Condamine represeats these mountains and the Apennines 
as chains of volcanoes, ^ee his lour through Italy, 1755. 
i Dr. Hooke's Post. p. 306. 
§ Lowthrop's Abridg. Phil. Trans, vol. ii. p. 417. 
il Ibid, vol ii. p 408, 40&. 
If Ibid vol. iir. p. 419. 

Barnes' Abridg. Phil. Trans. voL vu psfft4i. p. 303. 
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Ottobet ; and the people had no sooner begun to riecover 
from the terror occsisioned by the dreadful convulsion, 
than the sea rolled in upon them in mountainous waves, 
and destroyed the whcde town. The elevation of this 
extraordinary tide was such as conveyed ships of bur- 
den over the garrison walls, the towers, and the town. 
The town was razeil to the ground, and so completely 
covered with sand, gravel, &c. that not a vestige of it 
remained.* 

20. Previous to an eruption ofi^yesuvius, the earth 
trembles, and subterraneous explJSfens are heard; the 
«ea likewise retires from the adjiu^nt shore, till the 
mountain is burst open, then returns with impetuosity 
antt overflows its usual boundary* These undulations 
of the sea are not peculiar to Vesuvius : the earthquake 
which destroyed Lisbon on the first of November, 
17S5j was preceded by a rumbling noise, which in- 
creased to such a degree as to equal the explosion of 
tlie loudest cannon. About an hour after these shocks, 
tlfe sea was observed from the high grounds to come 
rushing towards the city like a torrent, though against 
witid and tide ; it rose forty feet higher thai> was ever 
known, and suddenly subsided. At Rotterdam, the 
branches or chandeliers in a church were observed to 
oscillate like a pendulum ; and, we are told, that it is 
no uncommon thing to see the surface of the earth un- 
dulate as the waves of the sea at the time of these dread* 
f ul convulsions of nature.f 

21. The last eruption of Vesuvius happened in July, 
1794, being the most violent and destructive of any 
mentioned in history, except those in 79 and 1631* The 
lava covered and totally destroyed oOOO acres of rich 
vineyards and cultivated lands ; and overwhelmed the 
town of Torre-del-Greco : the inhabitants, amounting 
to 18000, fortunately escaped; and^the town is now 
rebuilding on the lava that covers their former habita- 
tions. By this eruption the top of the mountain fell in, 



* Osborne's Relation of Earthquakes. 

t See the Phil. Trans, respecting the earthquake on the first of 
I^qvember, 17S5, vol. sHxil. ptrt l. 
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fold the mouth of Vesuvius U tiow little short of tn^n 
miles in circumference* 

Earthquakes are generally supposed to be cause4 by 
liitrous and sulphureous vapours, inclosed in the bowels 
of the earth, ^hich, by some accident take fire, where 
there is little or no vent. These vapours may take fire 
fey ferment;^tion,f or by the accidental falling of rocks 
Und stones in hollow places of the earth, and striking 
against each other. When the matters which form sub- 
terraneous fires fermiiit, heat, S|nd inflame, the fire makes 
an effort on every ^Kk, ^nd, if it does not find a natural 
vent, it raises the earth apd forms a passage by throwr 
ing it up, producing a volcano^ If the quantity of sub- 
stances which take fire be not considerable, an earths- 
quake may ensue without a volcano being formed. The 
air produced and rarefied by the subterraneous fire, 
may a)so find sn^dl vents by which it may escape, and 
in this case, there will pnly be a shock, without anj 
eruption or volcano* Again, all inflamnaable substances^ 
capable ot explosion, produce by inflammation a gr^at 
quantity of air and vapour ; and such air will necessa- 
rily be in a state of very great rarefaction : when it is 
compressed in a small space, like that of a cavern, it 
will not shake the earth immediately above, but wiU 
search for passages in order to make its escape, and will 
proceed through the several interstices between the 
difierent strata, or through any channel or cavern which 
may afford it a passage. This subterraneous air or 
vapour will produce in its passage a noise and motion 
proportionable to its force and the resistance it meet's 
with : these eflFe'cts will continue till it find a vent, per- 
haps in the sea, or till it has diminished its force by 
expansion. 

Mr. Whitehurst imagines, that fire and water are 
the principal agents employed in these dreadful opera- 
tions of nature ;f and that the undulations of the sea 
and the earth, and the oscillation of pendulous bodies. 
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• An eqiiaV quantity of sulphur and the iilings of iron (about 10 
pr IS lb.) worketl into a paste with water, and buried in the ground, 
will burst into a flame in «ight or ten hours^ and cause tl^ earth 
round it to tremble. 

t M. pofoniieu seems to be of tl^e same opinion. * 
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a^ phenomena which arise from the expansive force of 

eteaih, generated in the bowels of the earth, by means 
ot subterraneous fires ; the force of steam being twenty- 
eight times greater than that of gunpowder, viz. as 
14000 is to 500.* 

It is evident, that there is a great quantity of steam 
generated in the bowels of the earth, especially in the 
neighbourhood of volcanoes, from the frequent erup* 
tions of boiling water and steam, in various parts of the 
world. Dr. Uno Von Troil, in his letters on Iceland* 
has recorded many curious instances. ^^ One sees here, 
says he, " within the circumference of half a mile, or 
tlirec £nglish miles, forty or fifty boiling springs to- 
gether : in some, the water is perfectly clear, in others^ 
thick and clayey; in some, where it passes through a 
fine ochre, it is tinged red as scarlet ; and in others, 
where it flows over a paler clay, it is white as milk.** 
The water spouts up from some of these springs con- 
tinually; from others, only at intervals. The aperture 
through which the water rose in the largest spring was 
nineteen feet in diameter ; and the greatest height to 
which it threw a column of water was ninety-two feet. 
Previous to this eruption, a subterraneous noise was 
frequently heard, like the explosion of cannon ; and 
several stones, which were thrown into the aperture 
during the eruption, returned with the spouting water* 



CHAPTER VIII. 

Hypothesis, of the Antediluvian World, and the Cause of 

Noah^s Flood. 

•* Go teach eternal Wisdom how to nile. 

Then drop into thyself^ and be a fool'* Pope. 

There have been various opinions, conjectures, and 
hypotheses, respecting the ci^ginal formation of the 



* Inquiry into the Original State and Formation of the Earth* 
chap. xi. page \l% 
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earth* The writers of these hypothes^ not satisfied 
with the Mosaical account of the creation, thcmgh they 
had no ot^er certain foundation to build upon, thought 
. themselves at liberty to model the earth according to 
the dictates of their own imaginations. Hence, we 
have had as great a variety of theoretical systems as 
writers ; and these so contradictory and discordant to 
each other, that, instead of throwing light on the 
subject, they have, if possible, involved it in greater 
obscurity.* 

1. DR. BURNETTS THEORY.f 

Dr. Burnet supposes that the earth was originally a 
fiuid mass or chaos, composed of various substances, 
differing both in density and figure. Those which were 
the most dense sunk to the centre, and formed there a 
hard solid body; those which were specifically lighter 
remained next above ; and the waters, which were stiU 
lighter, covered the whole surface of the earth. The 
air and other etherial fluids, which were lighter than 
water, floated above the waters, and totally surrounded 
the globe. Between the waters, however, ^nd the cir- 
cumambient air, was foftned a coat of oily and unctuous 
matter, lighter than water. The air at first was very 
impure, and must necessarily have carried up with it 
many of those particles with which it was once blended. 
However, it soon began to purify itself, and deposite 
those particles upon the oily crust above mentioned^ 
which soon uniting together, the earth and oil became 
the crust of vegetable earth, with which the whole globe 
is now covered. 



1 * Tlie object of all the writers is to prove tnat Noah's flood might 
have been produced by natural causes, without the immediate in- 
terposition of the Almighty- Each of these hypotheses contains 
much useful information, blended in the common mass of fiction and 
conjecture. The author of this work has been induced to draw up, 
in as small a compass as possible, a general outline ofeach of these 
hypotheses ; and to shew occasionally, in short notes, the insuffi- 
ciency of any of them to account for the preservation of mankind 
and the different animals, without the particular pi*otectibn of the 
Divine Power. 

f See Dr. Keill's examination and confutation of this theory. 
Dr. Goldsmith, in his Animated Nature, calls it a theory alike dis- 
tinguished for th6 elegance of its language, and the shallowness of 
its arguments. 
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At this time, the earth was smooth, regako*, atid uni- 
form, without mountains and without a sea. In order 
to form rivers, he supposes the heat of the sun cracked 
the outward crust of the earth, and so raised vapours 
from the great abyss below. There was no diversity 
or alteration of the seasons of the year, but a perpetual 
summer ; the heat of the sun, therefore, acting contin- 
ually upon the earth, made the cracks or fissures wider 
and wider ; and, as it reached the waters in the abyss, 
it began to Tarefy them, and generate steam or vapour. . 

These vapours being pent in by the exterior earth, 
pressed with violence against the crust, and broke it into 
millions of fragments ;* these fragments falling into the 
abyss, drew down with them vast quantities of air, and 
by dashing against each other, and breaking into small 
parts by the repeated violence of the shock, they at 
length left between them large cavities, containing 
nothing but air. These cavities naturally oflFercd a bed 
to receive the influent waters ; and, in proportion as 
they filled, the face of the earth became once more 
visible^ 

The higher parts of its surface now became the tops 
of mountains, and were the first that appeared; the 
plains next made their appearance ; and at length the 
whole globe was freed from the waters, exdSpt the 
places in the lowest stations ; so that the ocean and seas 
are still a part of the ancient abyss. Islands and rocks 
are fragments of the earth's former crust ; continents 
are larger masses of its broken substance ; and all the 
inequalities which are to be found on the surface of the 
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• During these violent convulsions in nature, how were Noah and 
the animals preserved without the immediate interposition of Provi- 
dence ? The only animals that could stand any chance of escaping 
destruction would be the fishes ; and how they could exist in the 
great abyss below, without air, is not easy to conceive. There was 
no water on the surface of the earth till the excessive heat of the 
sun cracked the oily and vegetable crust ; now, if the animals and 
Adam, &c. were created before this crust was cracked, how did 
they exist without water? In the Mosaical account of the creation, 
in the first chapter of Genesis, we find the wisdom and goodness of 
God displayed, by providing subsistence for his creatures before they 
were created. 
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E resent earth, are effects of the confusion into which 
oth the earth and water were at that time thrown. 

"2. DR. WOODWAED's THEOET,* 

Dnr Woodward begins with asserting, that all earthty 
substances are disposed in beds of various natures, ly- 
ing horizontally one ov)er the other, similar to the coats 
of an onion ; that they are replete with shells and other 
^ productions of the sea, these shells being found in the 
^deepest cavities, and on the tops of the highest moun- 
tains. 

From these observations, which are warranted by ex- 
perience, he proceeds to observe, that these shells and 
extraneous fossils are not productions of the earth, but 
are all actual remains of those animals which they ar^ 
known to resemble ; that all the strata or beds of earth 
lie underneath each other in the order of the specific 
gravity,! and that they are disposed as if they had been 
left theiPe by subsiding waters, consequently all the sub- 
stances of which the earth was composed were origi- 
nally iii«a state of dissolution. This dissolution he sup- 
poses to have taken place at the flood ; but, being aware 
of an objection, that the shells, &c. supposed to have 
been deposited at the flood, are not dissolve^, he ex- 
empts them from the solvent power of the waters, and 
enpieavours to shew that they have a stronger cohesion 
than minerals ; and that while even the hardest rocks 
ar6~ dissolved, bones and shells may remain entire. 

3. MR. whiston's theort.:}: 

Mr, Whiston supposes the earth was originally a 
comet; and i^onsiders the Mosaic account of the crea- 



* See Dr. Arbuthnot*s examination of this theory, and comparison 
thereof with Steno's hypythesis. 

f This is by no means true, for we find layers of stone over the 
lightest soils, and the sofiest earth under the hardest bodies. The 
specific ^riivity of water is less than that of earth, and therefore 
would, if this hypothesis were true, constantly overdovr the earth ; 
and instead of a terraqueous, we should have an aqueous suvfacey a 
fit habitation for nothing but fishes ! 

i See Dr. Keill's examination and remarks on this theory. 
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tion as commencing at th6 time when the Creator placed 
this comet in a more regular manner, and made it a 
planet in the solar system. Before that time he sup- 
poses it to have been a globe without beauty or propor- 
tion ; a world in disorder, subject to all the vicissitudes 
that comets endure, and alternately exposed tp the ex- 
tremes of heat and cold. These alternations of heat 
and cold, continually melting and freezing the surface 
of the earth, he supposed to have produced, to a certain 
depth, a choas surrounding the solid contents of the 
earth. This surrounding chaos he describes as a dense 
though fluid atmosphere, composed of substances min- 
gled, agitated, and shocked against each other ; and in 
this disorder he supposes the earth to have been^ just 
at the compiencement of the Mosaical creation. When 
the orbit of the comet was changed, and more regu* 
larly wheeled round the sun, every thing took its proper 
place, every part of the surrounding fluid then fell into 
a certain situation, according as it was light or heavy* 
The middle, or central part, which always remained 
Wchanged, still continued so ; retaining a part of that; 
heat which it received in its primeval approaches tor 
wards the sun ; which heat he calculates may continue 
about six thousand years. Next to this, fell the lueavier 
parts of the chaotic atmosphere, which served to sus- 
tain the lighter ; but as in descending, they could opt 
entirely be separated from many watery parts, with 
which they were intimately mixed, they . drew down 
these also along with them ; and these could not ascend 
9gain after the surface of the earth was consolidated. 
Thus the entire body of the earth was composed, next 
the centre, of a great burning globe of more than 2000 
leagues in diameter: next to this is placed a heavy 
earthy substance which encompasses it : round which 
is circumfused a body of water ; apd upon this body of 
water is placed the crust which we inhabit. The body 
of the earth being thus formed, the air, which is the 
lightest substance of all, surrounded its surface, and the 
beams of the sun darting through, produced the light, 
which we are told by Moses first obeyed the Divine 
command. 

The whole economy of the creation being thus ad- 
justed, it only remains to account for the risings and 
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depressions on its surface, with other seeming irregu- 
larities of its appearance. The hills and valleys are by 
him supposed to be formed by their pressing upon the 
internal fluid, which sustains the external shell of earth, 
with greater or less weight : those parts of the earth 
which are heaviest sink the lowest into the fluid, and 
thus become valleys ; those that are lightest rise higher 
upon the earth's surface, and are called mountains. Such 
was the face of nature before the deluge ; the earth was 
then more fertile and populous than at present: the lives 
of men and animals were extended to ten times their 
present duration ; and all these advantages arose from 
the superior heat of the central globe, which has ever' 
since been cooling. 

To account for the deluge, he says, that ^ comet de- 
scending in the plane of the ecliptic towards its perihe- 
lion, on the first day of the deluge, passed just before 
the body of the earth. This comet, when it came be- 
low the moon, would raise a vast and strong tide, both 
in the seas that were on the surface, and in the abyss 
which was under the upper crust of the earth, in the 
same manner as the moon at present raises the tides in 
the ocean. That these tides would begin to rise and- 
increase during the approach of the comet, and would 
be at their greatest height when the comet was at its 
least distance from the earth. By these tides, caused 
by the attraction of the comet, he supposes that the 
abyss would assume an elliptical figure, the surface of 
which being much larger than the former spherical one, 
the exterior crust of earth must conform itself to the 
same figure. But as the external crust was solid and 
compact, it must of necessity, by the violent force of 
the tide, be stretched and broken.* This comet, by 
passing close by the earth, involved it in its atmosphere 



* How was the ark prese»"ved during this commotion? To pre- 
serve the ark without the immediate protection of Providence, it 
would be necessary that the flood of water should be perfectly calm« 
and free from storms and tempests; but if the waters were smooth, 
and underwent no violent agitation, how could shells and marine 
bodies be thrown upon tlie land on tlie tops of mountains, or be 
buried many feet deep in the earth ? The calm sea, necessary fop 
pi-eserving the ark, could move none of the shells ; and the rough, 
sea, necessary for transporting the shells, would destroy the ark^ 
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amd ti^l for a considerable time, and left a prodigious 
quantity of vapours on the earth's surface. These va- 
pours, being very much rarefied after their primary 
fall, would be immediately drawn up into the air again, 
and afterwards descend in violent rains, and would be 
thej:au6e of the forty days rain mentioned in Scrip- 
ture. 

The rest of the water was forced upon the surface 
af the earth by the vast and prodigious pressure of the 
incumbent water derived from the comet's atmosphere, 
which sunk the outward crust of the earth into the 
abyss. By these means he supposes that there was wa- 
ter enough brought on the surface to cover the whole 
face of the earth, to the perpendicular height of three 
miles. And, to remove this body of water, he sup- 
poses the wind dried up some, and forced the rest through 
the cracks and fissures of thi^ earth into the abyss, 
whence great part of it had issued. 

4. buffon's theort. 

M. De Buffon begins his theory by attempting to 
prove that this world which we inhabit is nothing more 
than the ruins of a world. ** The surface of this im- 
mense globe," says he, ** exhibits to our observation, 
hejghts, depths, plains, sea, marshes, rivers, caverns, 
gulfs, volcanoes ; and on a cursory view, we can dis- 
cover in the disposition of these objects neither order 
nor regularity. If we penetrate into the bowels of the 
earth, we find metals, minerals, stone, bitumens, sands, 
earths, waters, and matter of every kind, placed, as it 
wer«, by mere accident, and without any apparent de- 
sign. Upon a nearer and more attentive inspection, we 
discover sunken mountains, caverns filled up, shattered 
rocks, whole countries swallowed up, new islands 
emerged from the ocean, heavy substances placed above 
light ones, hard bodies inclosed within soft bodies : in 
a word, we find matter in every form, dry and humid, 
warm and cold, solid and brittle, blended in a chaos of 
confusion, which can be compared to nothing but a 
heap of rubbish, or the ruins of a world." In examin- 
ing the bottom of the sea, he observes, " that we per- 
ceive it to be equally irregular as Uie surface of the dry 

o 
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land. We discover hills and valley s, plains and hdifewa, 
rocks and earths of every kind ; we discover, Ukewise^ 
that islands are nothing hut the summits of vast moun» 
tains, whose foundations are buried in the ocean. We find 
other mountains, whose tops are nearly on a level with the 
surface of the water ; smd rapid currents which run con*- 
trary to the general movement ; these, like rivers, never 
ei;ceed their natural limits. The bottom of the ocean 
imd shelving sides of rocks produce plentiful crops of 
plants of many different species ; its soil is composed of 
sand, gravel, rocks, and shells ; in some places it is fine 
clay, in others a compact earth ; and, in general, the 
faottoni of the sea has an ei^act resemblance to the di^ 
land which we inhabit.*' In short, Buffon supposed tbsit 
the dry^ land was formerly the bottom of the sea ; he 
says, moreover, that it is impossible that the sheila and 
marine substances whjl^ we find at an immense depdi 
in the earth, and even in rocks and marble, should have 
been the effects of the deluge ; for the waters could not 
overturn, and dissolve the whole sur£ace of the earth, 
to the greatest depths. The earth must therefore have 
been originally much softer than it now is, and that it 
has acquired its present solidity by the continual action 
of gravity ; and, consequently, the earth is much leas 
subject to change now than formerly. 

With regard to the original formation of the earth 
^nd all the planets in our system, he supposes that they 
were detatched from the sun all at once by a mighty 
stroke of a comet;* not in the form of globes, but in 
the form of torrents ; the motion of the foremost pap- 
ticles being accelerated by those which immediately fot 
lowed, and the attraction of the foremost particles would 
accelerate the motion of the hindmost ; and that the ao- 
€;eleration produced by one or both of these causes, mighc 
be such as would necessarily change the original motion 
arising from the impulse of the comet; and a motton 
might result similar to that which takes place in th^ 
planets. The revolution of the primary planets on thebr 
axes, he accounts for from the obliquity of the original 



• Here Mr. BufTon loses himself in conjecturey s^ar^ly withla 
tfe^ yer^ of poij^ibyity, ^4 v^ry i^^iro^atnle^ 
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Mrolte iBipt'essed by the comet* — ^ It is, therefore, evi- ' 
dent," says he, " that the earth assumed its figure whea 
in a melted state ; and to pursue our theory, it is natural 
to thmk, that the eaith, when it issued from the sun, 
had no othef form but that of a torrent of mehed and 
inflamed matter : that this torrent, by the mutual at* 
traction of its parts, took on a globular figure, which 
its diurnal motion chadg^d. into a spheroid: that when 
the earth cooled, the vapours which were expanded like 
the tail of a comet, gradiially condensed, and fell down 
In th^ form of water upon the surface, depositing, at the 
same time, a slimy substance, mixed with sulphur and 
salts : part of which was carried by the motion of the 
waters into the perpendicular fissures of the strdta, and 
produced metals ; and the rest remained on the surface^ 
Und gave rise to the vegetable mould which abounds in 
different places, the organization of which is not obvious 
to our senses* 

" Thus, the interior parts of the globe were origin* 
ally composed of vitrified matter. Above this vitrified 
matter were placed those bodies which the fire had re- 
duced to the smallest particles, as sands, which are only 
portions of glass ; and above these pumice-stones and 
the scoriae of melted matter, which produced the dif- 
ferent clays. The whcde was covered with water to the 
depth of 500 or 600 feet, which originated from the 
condensation of vapours when the earth began to cool* 
This water deposited a stratum of mud, mixed with qU 
those matters which are capable of being sublimed or 
exhaled by fire ; and the air was formed of the mos$ 
subtle vapours, which, from their levity, rose aboVe thi/ i^v 
■water. "^^ 

" Such was the condition of the earth when the tides^ 
the winds, and the heat of the sun, began to introduce 
changes on its surface. The diurnal motion of the earth, 
and that of the tides, elevated the waters in the equato* 
rial regions, and necessarily transported thither great ;| 
quantities ol slime, clay, and sand ; and by thus elevate 
ing those parts of the earth, they perhaps sunk those 
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* This is a wiM theory ta account for tke diiirnAl motion of the 
CArtli and other pianists ! 
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under the poles about two leagues, or a i50th part,0f 
the whole ; for the waters would easily reduce int^ 
powder pumice-stones, and other spongy parts of the 
vitrified matter upon the surface i and, by this means^ 
excavate some places and elevate others, which in time, 
would produce islands and continents, and all those 
inequalities on the surface, which are more consider- 
able towards the equator than towards the poles.'' 

5. DR. button's theory. 

tn the first volume of the Edinburgh Philosophical 
Transactions, Dr. Hutton has laid down a new theory 
of the earth ; perhaps the most elaborate and compre- 
hensive that has hitherto appeared* To give a general 
abstract of it would much exceed the bounds allotted 
to this chapter ; wherefore, all that can be done here is, 

« to point out some of the most striking passages^ 

He says, the general view of the terrestrial system 
conveys to our minds a fabric erected in wisdom, and 

. that it was originally formed by design as a habitation 
for living creatures. In taking a comprehensive view 
of the mtchanism of the globe, we observe three prin- 
cipal parts of which it is composed ; and which, by being 
properly adapted to one another, form it into a habitable 
world : these are the solid body of the earthy the waters 
of the ocean, and ihe atmosphere surrounding the whole 
On these Dr. Hatton observes : 

1. The parts of the terrestrial globe more immedi- 
ately exposed to our view, are supported by a central 
body, commonly supposed, but without any good rea^ 
son, to be solid and inert. 

2. The aqueous paift, reduced to a spherical form by 
gravitation, has become oblate by the earth's centrifugal 
force. Its use is to receive the rivers, be a fountain of 
vapours, and to afford life to innumerable animals, as 
well as to be the source of growth and circulation to the 
organized bodies of the earth. 

3. The irregular body of land, raised above the level 
of the sea, is by far the most interesting, as immediately 
necessary to the support of animal life. 

4. The atmosphere surrounding the whole is evi- 
dently necessary for innumerable purposes of life and 
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vegetation, neither of which could subsist a moment 
without it. 

Having thus considered the mechanism of the giobe, 
he proceeds to investigate the powers by which it is up*» 
held. These are the gravitating and projectile forces 
by which the planets are guided ; the influence of light 
and heat ; cold and condensation : to which may be ad* 
ed, electricity and magnetism. 

With regard to the beginning of the world, though 
Dr. Hutton does not pretend to lay aside the Mosaie 
accounts respecting the origin of man, yet he endeavours 
to prove that the marine"^ animals aie of much higher 
antiquity than the human race. 

The solid parts of the globe are in general, composed 
of sand, gravel, argiUaceoi|3 and csJcareous strata, or 
of these mixed with some other substances. 

Sand is separated and sized by streams ^nd currents ; 
gravel is formed by the mutual attrition of stones agi* 
tated in water ; and marly, or argillaceous strata have 
been collected by subsiding in water in which those 
earthy substances had floated. Thus, so far as the 
earth is formed of these materials, it would appear to 
have been the production of water, wind, and tides. 

The doctt>r's next inquiry is into the origin of our 
land, which he seems willing to derive entirely from the 
exuvise of marine animals.f After adducing some ar» 
guments in support of this opinion, the principal of 
which is drawn from the quantity of marine productions 
found in different parts of the earth, he says, " The 
general amount of our reasoning is this ; that nine tenths 
perhaps, or 99 hundredths, of this earth, so far as we 
see, have been formed by natural operations of the 
globe, in collecting loose materials and depositing them 
/ at the bottom of the sea, consolidating these collec- 
tions in various degrees, and either elevating those 



* According to the Mosaic account of the creation, the marine 
animals were created the fifth day, and man the sixth ! 

f To give this any appearance of probability, the marine animals 
must have been created many centuries befoi-e either the dry land 
or the land animals wei'e created ; yet, according to the Mosaic 
account of the creation, the dry land appeared on the third day 1 



iOi THEORtEft Ot *rHE EARTH* 

consolidated masses above the level on which they werie 
formed, or lowering the level of that sea*" 

With respect to the different strata, he diinks it 
most probable, that they have been consolidated by 
heat and fusion ; and this hypothesis he imagines wiU 
solve every difficulty respecting them ; and, as the 
question is of the greatest importance in natural his- 
tory, he discusses it to a considerable length. He 
considers tnetals of every species as the vapour of the 
mineral regions, condensed occasionally in the crevices 
of the land. 

His next consideration is the means by which the dif"' 
ferentBtrata have been elevated from the bottom of the 
6cean ; (for he looks upon it as an indubitable fact, that 
the highest points of our laild have been for ages at the 
bottom of the ocean ;) and concludes, that the land on 
which we dwell has been elevated from a lower situation 
by the same agent which has been employed in consoli- 
dating the strata, in giving them stability, and preparing 
Aem for the purpose of the living world. This agent 
is matter, actuated by extreme heat, and expanded with 
amazing force. 

The doctor imagines the world to be eternal, and 
endued with a renovating power ; for he says : ^^ When 
tile former land of this globe had been complete, so aei 
to begin to waste and be impaired by the encroachment 
of the sea, the present land began to appear above the 
surface of the ocean. In this manner, we suppose a 
due proportion of land and water to be always preserved 
upon the surface of the globe for the purpose of a hab- 
itable world, such as we possess." After endeavour- 
ing to prove a succession of worlds in the system of 
nature, he concludes his dissertation in these words ; 
** The result, therefore, of our present inquiry is, 
that we find no vestige of a beginning, no prospect of 
an end.'* 

6. MR. whitehurst's theory. • 

Mr. Whitehurst first proceeds to shew, that all fluid 
bodies, which do not revolve about their axes, assume 
spherical forms, from the mutual attraction of their 
component parts ; and thencd infers that all bodies,. 
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paturally spherical, have been origkiallf in a state of 
fluidity* Again, as it i$ a known principle in the lawfl 
qf motion^ that, if any fluid body turn on its axis, it 
will, by the centrifugal force, depart from a sphericsd 
form, ,and assume that of an oblate spheroid j and as 
the earth is known to be such a figure, agreeing with the 
laws of gravity, fluidity, and centrifugal fotce, he sup* 
poses that the earth was originally a fluid, composed of 
chaotic, heterogeneous matter, which acquired its pre* 
sent form by revolving on its axis in that state of fluidi* 
ty ; and that itSt, diurnal and annual rotations have suf- 
fered no change, but have performecl equal rotations in 
equal times, from the moinent of its first existence to 
the present era* ^ 

This heterogeneous mas% being totally unfit for ani- 
mal or vegetable life, was not instantaneously but pro- 
gressively formed into a habitable world. As soon as 
the component parts of the chaos became quiescent, 
similar particles began to unite and compose bodies o^ 
various denominations, viz. the panicles of air unite4 
with those of air, those of water^ with water, and those 
of earth with earth. Bodies of the greatest density 
began their approach towards the centre of gravity, and 
those of the greatest levity ascended towards the surf> 
face. Thus, apparently, commenced the separation of 
the chaos into air, water, earth, and other select bodies. 
As the earth consolidated naore and more towards its 
centre, its surface became gradually covered with wa-* 
ter, until the sea prevailed universally over the whole 
earth. At this time the marine animals were created^ 
and multiplied so exceedingly, as to replenish the oceai^ 
from pole to pole. 

The sun and the moon were coeval with the creation 
of the earth; and, as the atmosphere was--progres- 
sively freed from heterogeneous substances, light and 
lieat gradually increased, until the sun became visibljp 
in the firmament, and shone with its full lustre and 
brightness. 

The attractive influence of the sun and moon, inter* 
fering with the regular and uniform subsiding of the 
solids of the earth, caused the sea to be unequally deep { 
and, consequently, the dry land to appear. Hence, the 
primitive -islands were gradually formed by the flux 
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and reflux of the tides ; and, in pt'ocesd ofctimc, became 
firm and dry; fit for the receptiori of the « animal and 
^leegetable kingdoms. The ocean being' plentifully 
stocked with inhabitants, previous to the* appearance of 
dry laad, many of these animals became daily enveloped 
and buried in the mud, in all parts of the sea from p(^ 
to pole, by the daily action of the tides* 

As Ae central parts of the earth began to consolidate 
before Ae superficial parts thereof, the' former became 
ignited before the latter. As the subterraneous fire 
gradually increased, its expansive ftrce likewise in- 
creased, till it became superior to the incumbent weight, 
and distended the strata like a bladder forcibly blown : 
and as the subterraneous fire operated univevsally in the 
same stratum, and with the same degree of force, it 
appears most probable that the deluge, or Noah's flood, 
prevailed universally over the whole earth. 

The expansive force of subterraneous fire still in- 
creasing, it became superior to the< incumbent weight 
and cohesion of the strata, which were then burst, and 
opened a communication between the two^ oceans of 
melted matter and water. By these two different ele- 
ments coming in contact, the latter became instantly 
converted into steam, and produced an expilosion infi- 
nitely beyond all human conception. The terraqueous 
globe being thus burst into millions of fragments,* the 
strata were broken, and thrown into every possible de- 
gree of confusion and disorder; hence, (hose mighty 
eminences the Alps, the Andes, the Pyrenean, and all 
•ther chains of mountains, were brought from beneath 
the deep ; for the earth, in its primitive state, was per- 
fectly level. 

Hence, the sta retired from those vast tracts of land 
the continents, into the caverns, became fathomless, 
and environed with .craggy_rQcks» cliffs, and impending 
nbores, and its bottom spread over with mountains and 
valleys, like the land. 



• We are in the same dilemma here with respfect to the preser- 
vation of Noah and the ark, as in Burnet's and Whistoti's theories ; 
besides, the noise of such an explosion as above dt:scribed, would 
for ever deprive »ny human bemg of the noble faculty of hearing*. 
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As mountwiB and contineiits were not primary pro* 
ductions of nature, but produced at the time of tfie deU 
uge, the inclemencies of the seasons were totally un* 
known in the antedUuvian state of nature ; an uniform 
temperature universally pre vuled in the atmosphere; 
it was not subject to storms and tempests, and, conse* 
quently> npt to rain ; and as there was no rain, most 
certainly there was no nunbow. . 

On account of the small elevations of the primitive 
islands, ^and the inferiority of their superficies to that 
of continents, the surface of the sea, and the quantity 
of aqueous partides exhaled, were proportionably great* 
er. The atmosphere was thus plentifully saturated with 
humidity, which descended copiously in dews, during 
the absence of the sun^ and abundantly replenished the 
earth* 
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CHAPTER IX. 

Of the Atmosphere^ Atr% Wimby and Hurricanes* 

The earth is surrounded by a thin fluid mass of mat> 
ter, called the atmosphere : this matter gravitates to* 
wards the earth, revolves with it in its diurnal motion, 
and goes round the sun with it every year. Were it 
not for the atmosphere, which abounds with partides 
capable of reflecting light in all directions, only that 
part of the heavens would appear bright in which the 
sun was placed,* and the stars and planets would be 
visible at mid-day ;t hut, to' m^ans of an atmospherci 
we enjoy the sun's light ^fleeted from the aerial par- 
ticles contained in the atmosphere) for some time before 



* Dr. KelU, Lect. xx. 

f M. de Saiissure, when on the too of Mount Blanc, which U 
elevated 5101 yards above the level of the sea, and where conse- 
quemly the atmosphere mutt he more rare than ours, says, that 
' me moon shone with the brightest splendour in the midst of a sky 
as black as ebony ; while Jupiter, rayed l^ke the sun, rose from 
behind the mountains in the east. Append, vol. 74> Monthly Re- 
view. 
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he rises and after he sets ; for, on the 21st of June ^t 
London, the apparent day is 9' 14" longer than dite 
astronomical day.* This invisible fluid extends to an 
unknown height ; but if, as astronomers genergUy es- 
timate, the sun begins to enlighten the atmosphere 
in the lyioming when he comes within 18 degrees of 
the horizon of any place, and ceases to enlighten it 
when he is again depressed more than 18 degrees be- 
low the horizon in the evening, the height of the atmos- 
phere may easily be calculated to be near 50 miles*f 
Notwithstanding this great height of the atmosphere, 
it is seldom sufficiently dense at two miles high to bear 
up the clouds ; and it becomes more thin and rare the 
higher we ascend. This fluid body is extremely light, 
being at a mean density, 816 times lighter than water ;{ 
it is likewise very elastic, as the least motion^excited 
in it is propagated to a great distances it is invisible, 
for we are only sensible of its existence from the effects 
it produces. It is capable ofr<being compressed into a 
much less space than what it naturally possesses, though 
it cannot be congealed or fixed as other fluids may : for 
no ilpgree of cold has ever be^n able to destroy its flu- 
idity. It is of different density in every part upwards 
from the earth's surface, decreasing in its weight th^ 
higher it rises ; and, consequently, must also decrease 
in density. The weight or pressure of the atmosphere 
upon any portion of the earth's surface Is equal to the 



• See Keith's Piane and spherical Trigonometry, pag-e 256. 
f Let A. r B (Plate III. Fi^^ure 5.) represent the horizon of an 
obaerver at A ; S r a ray of light falling upon the atmosphere at r, 
and making aii sliy^Xc S r B of 18 degrees with the horizon (the sun 
being supposed to have thaf dep^teion) the angle S r A will then 
he 162 degrees. From the centre 53rthe eatth draw O r, and it will 
he pQipendicular to the rejecting particles at r i: and, by the la^\:s 
of opima, likewise bisect the angle S r A In the rig^ht angled 
triangSr O A r, the angle O r Ai::810, A 0—3982 miles, the ra- 
dius of the earth Hence, by trigonometry. 

As sine of Qr A, 819 - 99946199 
Is to A O, 3982 ; - . 3.6001013 
So is radius, sine of 90^ 10. 

To Or, 4031.76 - - 3.6054814 
Now, if from Orir* 4031.6, there be taken O V ir O A IT 3989, 
^e remainder V rzi49.6 miles is the height of the atmosphere. 
^ ]pr. Thompson's Chemislryy vol. IIL p. 251. 
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weight of a column of mercury which will cover, the 
same surface, and whose height is from 28 to 31 inches j 
this is proved by experiment on the barometer, which 
seldpm exceeds the limits above-mentioned*. Now, if 
we estimate the diameter of the earth at 7964 miles,* 

. the mean height of the barometer at 29^ inches, and a 
cubic foot of mercury to weigh 13500 ounces avoir- 
dupoise, the whole weight of the atmosphere will be 
11522211494201773089 li)S. avoirdupoise, and its 
pressure upon a square inch of the earth's surface 
14| lbs. 

^ The atmosphere is the common receptacle of all th6 
effluvia or vapours arising from different bodies ; vi^* 
of the steam or smoke of things melted or burnt ; of 
the fogs or vapours proceeding from damp, watery 
places ; of steams arising from the perspiration of what- 
ever enjoys animal or vegetable life, and of their pu- 
trescence when deprivedNbrf it ; also, of the effluvia pro- 
ceeding from sulphureous, nitrous, acid, and alkaline 
bodies, &c. which ascend to greater or less heights ac- 
cording to their specific gravity. Hence, the difficulty 
of determining the true composition of the atmosphere. 

' Chemical writers,! however, have endeavoured to shew^ 
that it consists chiefly of three distinct elastic fluids^ 
united together by chemical affinity ; namely, air, vapour 
or water, and carbonic acid gas,^ differing in their pro- 



* The diameter of the earth in inches will be 504599040 ; and 
the diameier with the atmosphere 504599099 inches, the difference 
between the cubes of these diameters multiplied, by .5236 fives 
2339r489140125231287.3564 cubic inches in the atmosphere. Now, 
if 1728 cubic inches weigh 13^00 ounces, as stated by Dr. Thomp- 
son, page 254, vol. iii, of his Chemistry, the weight of the atmos- 
phere will be determined as above. If tlie square of the diameter 
504599040 be multiplied by 3 1416, the product will give the super- 
ficies of the earth, —799914792576281098.56 square inches ; and 
if the weight of the atmosphere be divided by this superircies, tha 
quotient will be 14.4 lbs. ZI 14|. lbs. the pressure of the atmos- 
phere on eveiy square inch of the earth's surface. The pressure 
of tlie atmo spnere on a square inch of surface, may likewise bfe fomd 
by experiments made with the air pump, or by weighing a column of 
mercury whose base is one inch square, and height 29^ inches. 

I Dr. Thomson's Chemistry, page 287, vol. iii. 

i Gas is a term applied by cliemists to all permanently elastic 
fluids, except commoii air ; and calbonic acid gas is what was for- 
merly cnlied fixed air« or such as extinguishes fiamcy and destroyf^ 
animal life* 
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portions at different times, and in different places ; but 
the average proportion of each> supposing the whole 
atmosphere to be divided into 100 equal parts, is given 
by Dr. Thomson as follows : ^ 

984 air, 
f vapour, or water, 
1 carbonic acid. 

100 

Hence, it appears, that the foreign bodies which are 
mixed or united with the air in the atmosphere, are so 
minute in quantity, when compared with it, that they 
have no very sensible influence on its general proper- 
ties ; wherefore, in describing the mechanical proper- 
ties of the air, in the succeedmg parts of this chapter, 
iio attention is paid to its component parts in a chemical 
point of view ; but wherever die word air occurs, com- 
mon or atmospheric air* is always meant* 

Air is not only the support of animal and vegetable 
life, but it is the vehicle of sound ; and this arises from 
its elasticity : for a body being struck vibrates, and com* 
municates a tremulous motion to the air ; this motion 
acts upon the cartilaginous portion of the ear, where 
&ere are several well contrived eminences and concavi* 
ties to convey it into the auditory passage, where it 
strikes on the membrana tympani, or drum of the ear, 
and produces the sense of hearing. 
. From the fluid state of the atmosphere, its great sub* 
tilty and elasticity, it is susceptible of the smallest mo- 
tion that can be excited in it ; hence it is subject to the 
disturbing forces of the moon and the sun ; and tides 
will be generated in the atmosphere similar to the tides 
in the ocean* By the continusd motion of the air, nox- 
ious vapours, which are destructive to health, are in 



♦ Dr. Thomson, page 269, vol. iii, of his Chemistry, says, we 
may consider it as established by experiment, that air is composed 
of twenty-two parts out of a hundred of oxygen ^as (viz. vital air) 
and seventy -eight of azotic gas (viz poisonous air) by bulk : but, 
as the weight of these twagftsesis not exactly the same, by weight 
the oxygen gas contains twenty-six parts out of a hundred, and the 
azotic gas seventy-four parts, so that the vital air composes only 
one third of the atmosphefc* 



THB ATfilOSrfiteE) &C. 109 

some measure dispersed ; so that the air, like the sed, 
is kept from putrefaction by winds and tides. 

Air may be vitiated, by remaining closely pent up in 
any (rface for a considerable length of time ; land, when 
it has lost its vivifying spirit, it is called damp or fixtd 
air ; not only ) because it is filled with humid or moist 
vapours, but because it deadens fire, extinguishes flame, 
ttOid destroys life. 

If part of the vivifying spirit of air, in any country^ 
begin to putrify, the inhabitants of that country will be 
subject to an epidemical disease, which will continue 
until the putrefaction is over : and as the putrify ing 
spirit occasions this disease, so, if tha diseased body 
contribute towards the putrifying of the air, then the 
disease will not only be epidemical, but pestilential and 
contagious. 

The air will press upon the surfaces of all fluids, wiA 
any force, without passing through them or entering 
into them ; so that the softest bodies sustain! this pres* 
sure without sufiiering any change in their figure, and 
die most brittle bodies bear it without being broken. 
Thus, the weight of the atmosphere presses upon the 
surface of water, and forces it up in the barrel of a 
pump, tt likewise keeps mercury suspended at such a 
height, that its weight is equal to the pressure, and yet 
it never forces itself through the mercury into the va- 
cuum above. 

Another property of the air is, that it is expanded by 
heat, and condensed or contracted by cold : hence, the 
fire rarefying and attenuating the air in the chimnies, 
causes it to ascend the funnels, while the air in the room, 
by the pressure of the atmosphere, is forced to supply the 
vacancy, and rushes into the chimney in a constant tor- 
rent, bearing the smoke into the higher regions of the 
atmosphere. In large cities, in the winter, when there 
are many fires, people^ and animals, the air is consider- 
ably more rarefied than in the adjoining country ; for 
which reason, continual currents of colder air rush in 
at all the exterior streets, bearing up the rarefied and 
contaminated air above the tops of the houses and the 
highest buildings, and supplying their place with air of 
a more salubrious quality. The more extensive winds 
owe their origin to the heat of the sun : this heat acting 
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upon some part of the lur causes it to expand, and be- 
come lighter, and, consequently, it must ascend ; while 
the air adjoining, which is more dense and heavy, will 
press forwards towards the place where it is rarefied* 
Upon this principle, we can easily account for the trade 
winds, which blow constantly from east to west about 
the equator ; for when the sun shines perpendicularly 
on any part of the earth, it will heat and rarefy the 
air in that part, and cause it to ascend ; while the adja- 
cent air wiU rush in to supply its place, and, consequent- 
ly, will cause a stream or current of air to flow from 
|J1 parts towards that which is the most heated by the 
sun. But as the sun, with respect to the earth, moves 
from east to west, the common course of the air will be 
from east to west ; and therefore at or near the equator, 
where the mean heat of the earth is the greatest, the 
^nd will blow continually from the east ; bikt on the 
north side of the equator, it will^ecline a little to the 
north ; and, on the south side of the equator it will de- 
cline to the south. If the earth were covered with wa* 
ter, the motion of the wind would follow the apparent 
motion of the sun, in the same manner as the motion of 
the water would follow the motion of the moon; but, 
as the regular course of the tides is changed by the 
obstruction of continents, islands, &c. so the regular 
course of the winds is changed by high mountains, by 
the declination of the sun towards the north and south, 
by burning sands which retain the solar heat to an in- 
credible degree, by the falling of great quantities of 
rain, which causes a sudden condensation or contraction 
of the air, by exhalations that rise out of the earth at 
certain times and places, and from various other causes. 
Thus, according to Dr. Halley, between the 3d and Ipth 
degree of south latitude, the south-east trade wind con- 
tinues from April to October; during the rest of the 
year the .wind blows from the north-west ; but between 
Sumatra and New Holland this monsoon blows from 
the south during our summer months ; it changes about 
the end of September, and continues in the opposite 
direction till April. 

Over the whole of the Indian Ocean, to the north- 
ward of the third degree of south latitude, the north- 
east trade-wind blows from October to April, and a 
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Bouth-west wind from April to October.* From Bor- 
neo, along the coast of Malacca, and as far as China, 
this monspon in our summer blows nearly from the 
south, and in winter from the north by east. Near the 
coast of Africa, between Mozambique and Cape Guar- 
dafui, the winds are irregular during the whole year, 
owing to the different monsoons which surround that 
particular place. Monsoons are likewise regular in the 
Red Sea ; between April and October they blow from 
the north-west, and during the other months from the 
south-east, keeping constantly parallel to the Arabian 
coast.f 

On the coast of Brazil, between Cape St. Augustine 
and the island of St. Catharine, from September to 
April the wind blows from the east or north-east ; and 
from April to September it blows from the south-west; 
so that monsoons are not altogether confined to the In* 
dian Ocean. 

On the coast of Africa, from Cape Bajador, opposite 
the Canary Islands, to Cape Verd, the winds are gene- < 
rally north-west ; and from hence to the island of St* 
Thomas, near the equator, they blow almost perpen- 
dicular to the shore. 

In all maritime countries of any considerable extent, 
between the tropics, the wind blows during a certain 
number of hours from the sea, and during a certain 
number from the land ; these winds are called sea and 
land breezes. During the day, the air above the land 
is hotter and more rare than that above the sea ; the 
sea air, therefore, flows in upon the land and supplies • 
the place of the rarefied air, which is made to float 
higher in the atmosphere ; as the sun descends, the 
rarefaction of the land air is diminished, and an equi- 
librium is restored. As the night approaches, the dens- 
er air of the hills and mountains (for where there are 
no hills, t^ere are no sea and land breezes) faUs down 



* The student will find these winds represented on Adams* 
fflobes and some others, by arrows, having the barbed points 
flying in the direction of the wind, as if shot from a bow ; and, 
vhere the winds are variable, these <UT0W9 seex^ to be flyiQg io 
nil directions. 

I Bpice's Travels, vol. 1. chap ^. 



119 THE ATM08PBBRE, &C. 

upon tbe plains, and pressing upon the air of the sea, 
which has now become comparatively lighter than the 
land air, causes the land breeze* 

The C jpe of Good Hope is famous for its tempests, 

and the singular cloud which produces them : this cloud 

'appears at first only like a sniall round spot in the sky| 

called by the sailors the Ox's Eye, and which probably 

appears so minute from its exceedingly great height. 

In Natolia, a small cloud is often seen, resembling 
that at the Cape of Geod Hope, and from this cloud n 
terrible wind* issues, which produces similar effects. 
In the sea between Africa and America, especially at 
the equator and in the neighbouring parts, tempests of 
this kind very often arise, and are generally announce4 
by small black clouds. The first blast which proceeds 
from these clouds is furious, and would sink ships i]| 
the open sea, if the sailors did not take the precaution tOi 
furl their sails. These tempests seem to arise from a 
sudden rarefaction of the air, which produces a kind of 
vacuum, and the cold dense air ruihing in to supply th^ 
place. 

Hurricanes, which arise from similar causes, have a 
whirling motion which nothing can resist. A calm 
generally precedes these horrible tempests, and the sea 
then appears like a piece of glass ; but^ in an instant, 
the fury of the winds raises the waves to an enormous 
height. When from a sudden rarefaction, or any other 
cause, contrary currents of air meet in the same pointy 
a whirlwind is produced. 

The force of the wind upon a square foot of surface is 
liearly as the square of the velocity ; that is, if on a 
square board of one foot in surface, exposed to a wind, 
there be a pressure of one pound, another wind, with 
double the velocity, will press the board with a force 
pf four pounds. See. The following table, extracted 
from the Philosophical Transactions, shews the velocity 
and pressure of the winds, according to their different 
fi))pellations. 



* This wind aeemfl to be described by St. Paul* in the SMb cbft^* 
ter of tbe Actsi^ by the name of EoroelydoQ. 
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*MiIes in oiu.' 
haur. 



Velocity of the wind. 



100 



II 



Feet in one 
second. 



I 



147 
2.93 J 
4405 
5.87 1 

14.67 
22.00 
29.34 ? 
36 67$ 
440ll 
51.343 
58 68? 
66.01 S 
7335 
88.02 
117.36 

146.70 



i'erpendicular 
force on one 
square foot, in 
pounds avoir- 
dupoise 



.005 
.0201 
.044$ 
.0795 
.123$ 
.4927 
' 1.1073 
1.9685 
3.0753 
4.4292 
6.0273 
r.87S7 
9.96^ S 
12.300 
17.715 
31.490 

49.300 



Commoii ap-sellations 
of the windt. 



Hardly perceptible. 
Just perceptible. 

Gentle pleasant wind. 

Pleasant brisk gale. 

Very brisk. 

High winds. 

* 

Very high. 

A storm or tempest , 

A great storm. 

A nurricane. 

C A hurricane that tears 

<up trees, and carries 

C. buildings, he. before it 



CHAPTER X. 



9f Vapours^ Fog's and Mists^ Chuds^ Dew^ and Hoar-* 
Frosty RaiUj Snow and Hail^ Thunder and Light* 
. »i/if , Falling Stars^ Ignis Fatuus^ Aurora Borealis^ 
and the Rainbow» 

1. VAPOURS are composed of aqueous or watery par> 
tides, separated from the surface of the water, or moist 
earth, by the action of the sun's heat ; whereby they 
are so rarefied, attenuated, ^d separated from each 
other, as to become specifically lighter than the air ; 
and, consequendy, they rise and float in the atmos- 
phere. 

2. Fogs and mists. Fogs are a collection of vap- 
ours which chiefly rise from fenny, moist places, and 
become more visible as the light of the day decreases. 
If these vapours be not dispersed, but unite with th^se 
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that rise from water, as rivers, lakes, &c. so as to fill 
the air in general, they are called mists. 

3. Clouds are generally supposed to consist of vjl- 
i)ours exhaled from the sea and land.^ These vapours 
ascend till they are of the same specific gravity as the 
Surrounding air ; there they coalesce ; iind, by their 
union, become more dense an^ weighty. The mor^ 
ihin and rare the clouds are, the higher they soar ; but 
their height seldom, if ever, exceeds two miles. The 
generality of clouds are suspended at the height of 
about a mile ; sometimes, when the clouds are highly 
felectrified, their height is not above seven or eight hun- 
dred yards. The wonderful variety in the colours of 
the clouds, is owing to their particular situation to the 
tun, and the different reflections of his light. The va- 
Hous figures of the clouds probably proceed from their 
loose and voluble texture, revolving in any form accord- 
ing to the different force of the winds, or froin the elec- 
tricity contained in them. 

4, Dew. When the earth has been heated in the day-* 
time by the sun, it will retain that heat fi^r some time 
after the sun has set. The air being a less dense, or 
less compact substance, will retain the heat forH less 
time : so that in the evening the surface of the earth 
will be warmer than the air about it; and, consequent- 
ly, the vapours will continue to rise from the eftrth ; but, 
as these vapours come immediately into a cool air, they 
will only rise to a small height ; as the rarefied air in 
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• Dr. Thomson, in vol iii. of his Chemistry, page 321, &c. ^ays, 
it is remarkable that, though the greatest quantity of vapour exists 
in the lower strata of the atmosphere, fclouds never begin to form 
tliere, but always at some considerable height. The heat of the 
clouds is sometimes grcs^ter than that qf the surrounding air. The 
formutioYi of clouds and rain is neither owing to the saturation of the 
atmosphere, to the diminution of heat, nor to the mixture of airs oiP 
different temperatures, Evaporation often goes on for a month to* 
getlier in hot weather, especially in the torrid zone, without any 
rain. The water can neither remain in the atmosphere, nor pass 
through it, in a state of vapour : V^hat then becomes of the vapour ' 
after it enters the atmosphere ? What makes it lay aside the nevir 
form which it must have assumed, and return again to its state of 
vapour, and fall down in rain ? Till these questions are experiment- 
ally answerpd, Dr. Thomson concludes that the formaiioi; of clou^ 
and rain cannot be accurately accounted for. 
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which th^ began to rise becomes condensed, the small 
particles of vapours will be brought nearer together* 
When many of these particles are united, they form 
dew ; and, if this dew freeze, it will produce hoar-irost* 
'5. R^iN« When the weight of the air is diminished, 
its density wi)l likewise be diminished, and consequent- 
ly the vapours that float in it will be less resisted, and 
begin to fall ; and, as they strike one upon another in 
lalling, they will unite and form small drops. But 
when the small drops of which a cloud consisted, are 
united into such large drops that no part of the atmos- 
phere is sufficiently dense to produce a resistance able 
to support them, they will then fall to the earth, and 
constitute what we call rain. If these drops be formed 
in the higher regions of the atmosphere, many of them 
will be united before they come to the ground, and the 
drops of rain will be very large.* The drops of rain 
increase so much both in bulk and motion, during the 
descent, that a buwl placed on the ground would re- 
ceive, in a shower of rain, almost twice the quantity of 
water that a similar bowl would receive on a neighbour- 
ing high steeple. f The mean annual quantity of rain 
is greatest at the equator, and decreases gradually as 
we approach the poles. Thus, at 

Litirade. • Drpth^rfraiii* 

i^ Grenada,. West Indies, 12° 0' 126; inches. 

St. Domingo, Cape St. Francois, 19° 46' 120 
Calcutta, - - - 22° 23' 81 
In England, - - 53° O' 32 
Fetcrsburg, - - - 59° 16' 16 

On the contrary, the number of rainy days is smallest 
at the equator, and increases in proportion to the dis- 
tance from it. The number of. rainy days is often 
greater in winter than in summer ; but the quantity of 



• Dr. Rutherford's Natural Philosophy, vol. ii. chap. 10 Signior 
Beccaria, vrhose observations on the general state of electricity in 
the atmosphere have been very accurate and extensive, ascribes the 
cause of rain, hail, snow, &c. &c. to the effect of a moderate elec- 
tricity in the atmosphere. 

f Mr. Adam Walker's Familiar Philosophy, Lect. ▼. page 2;^5. 

^ Dr. Thomson's Chemistry, vol. iii. page 324, &c. . 
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tain is greater hi summer than in winter. More r«n 
falls in mountainous countries t^an in plains* Among 
the Andes it is said to rain almost peYpetuaUy, while in 
the plains of Peru and in Egypt, it hardly ever rains 
at all. The mean annual quantity of rain for the whole 
globe is estimated by Dr. Thomson at 34 inches in 
depth ; hence, may be found the whole quantity of irstim. 
that falls in a year upon the whole surface of the earth 
and sea, in the same manner as the number of cubic 
inches were found in the atmosphere, in chapter IX. of 
this work. The same author observes that, for every 
square inch of the earth's surface, about '41 cubic 
inches ot water are annually evaporated: so that the 
average quantity of rain is omsiderably less than the 
average qusmtity of water evaporated. 

6. Snow and hail. Snow consists of such vapours 
as are frozen while the particles are small ; for, if these 
stick together after they are frozen, the mass that is 
formed out of them will be of a loose texture, and form 
little flakes or fleeces, of a white substance, somewhat 
heavier than the air, and therefore will descend in a 
slow and gentle manner through it. Hail, which is a 
more compact mass of frozen water, consists of such vap- 
ours as alra united into drops, and are frozen while they 
are falling.^ 

7* Thunder akd Lightning. It has been already 
observed, that the atmosphere is the common receptacle 
of all the effluvia, or vapours, rising from different 
bodies* Now, when the effluvia of sulphureous and 
nitrous bodiesf meet each other in the air, there will be 
a strong conflict, or fermentation, between them, which 
will sometimes be so great as tp produce &Tt.^ Then, 
if the effluvia be combustible, the fire will run from 
one part to another, just as the inflammable matter hap- 

f>ens to lie. If the inflammable matter be thin and 
ight, it will rise to the upper part of the atmosphere^ 
where it will flash without domg any harm ; but if it 



* Rutherford's Philosophy, vol. lii. chap. 10. 

f Gunpowder, the effects of which are similar to thunder anA 
ligiitning, is composed of six parts of nitre, one part of su'phur, and 
one part of charcoal. 

i Professor Winkler's Philosophy. 
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ht dense, it will lie near die surfsvce of the earth, where, 
• taking fire, it will explode with a surprising force, and 
by its heat, riurefy and drive away the air, kill men and 
cattle, split trees, walls, rocks, &c. and be accompanied 
with terrible claps of thunder. The effects of thunder 
and lightning are owing to the sudden and violent agi* 
tation the air is put into, together with the force of the 
explosion. Stones and bricks struck by lightning, are 
often foimd in a vitrified state* Signior Beccaria sup- 
poses that some stcmes in the earth, having been struck 
in this manner, gave rise to the vulgar opinion of the 
thunderbolt. It is now generally admitted that light- 
ning and the electrical fiuid are the same."^ 

8* The vallxng stars, and other fiery meteors, 
which are frequendy seen at a considerable height in 
the atmosphere, and which have received different 
names aocordiw to the variety of their figure and size, 
arise from the fermentation of the effluvia of acid and 
alkaline bodies, which float in the atmosphere. When 
the more subtle parts of the effluvia are burnt away, 
the viscous and earthy parts become too heavy for 
the air to support^ and by their gravity fall to the 
earth* 

9. Of the Ignis Fatuus, comm<mly called Will- 
with-a-Wisp, or Jack-with-a-Lantem. This meteor, 
like most odiers, has not failed to attract the attention 
' of philosophical inquirers. Sir Isaac Newton, in his 
Optical Queries, calls it a vapour shining without heat. 
Various accounts of it may be seen in the Philosophi- 
•al Transactions-! The most probable opinion is, that 



• Signior Beccaria, of Turin, observes* that the atmosphere 
abounds with electricity ; and if a cloud which is positively chai-ged 
(viz. which has more than its natural share of electrical fluid) pass 
near another cloud which is negatively charged (viz. which has less 
than its natural share of electrical fluid) they will attract each 
•ther, and a quick deprivation of tlie electrical fluid will take place : 
the flash is called lightning, the report tiiuiider, (the ensuing rolling 
are only echoes from distant clouds) : the water, thus deprived of 
its usual support, falls down in impetuous tori*ents. 

■J- Mr. Ray and some others supposed it to b? a collection of 
^low- worms flying together ; but Dr. Derham confuted this opinion, 
No. 411. 



118 ITApOUIISy rOGfty CtOUDg, &C» 

it consists of inflammable air,f or oleaginous matter, 
emitted from a putrefaction and decomposition of vege* 
table substances, in marshy grounds ; which being 
kindled by some^lectric spark, or other cause unknowa 
to us, will continue to bum or reflect a kind of thin 
flame in the dark, without any sensible degree of heat, 
till the matter which composes the vapour is consumed. 
This meteor never appears on elevated grounds, be- 
cause, they do not sufficiently abound with moisture to 
{produce the inflammable air, which is supposed to issue 
rom bogs and marshy places. It is often observed 
flying by the sides of hedges, or foUowiiy; the course 
of rivers ; the reason of which is obvious, for the cur- 
rent of air is greater in these places than elsewhere. 
These meteors are very common ia Italy and in Spain. 
Dr. Shawf has described a remarkable ignis fatuus, 
which he saw in the Holy Land, when the atmosphere 
was so uncommonly thick and hazy, that the dew on 
the horses' bridles was remarkably clammy and unc- 
tuous. This meteor was sometimes globular, then ia 
the form of the flame of a candle, presently afterwards 
it spread itself so much as to involve the whole com- 
pany in a pale harmless light, and then }t Would contract 
itself again, and suddenly disappear ; but, in less thaa 
a minute, it would become visible as before, and run- 
ning along from one place to another with a swift pro- 
gressive motion, would again expand itself, and cover 
a considerable space of ground. 

10. Or THE AURORA BORE A LIS, Or. NORTHERN 

LIGHTS. There have been various opinions and con- 
jectures respecting the cause and properties of these 
extraordinary phenomena ;\ and the most probable 
opinion is, that they arise from exhsdations, and are 
produced by a combustion of inflammable air, caused 



• Inflammable air may be made thus : exhaust a receiver of the 
^•pump, let the air run into it throug^h the flame ofthe oil of tur- 
pentine, then remove the cover of tbe receiver, and hold a lighted 
candle to the air, it will take Are, and bum quicker or slower ac* 
cording to the density of the oleaginous vapour. 

f Shaw's Travels, pagje 363. 

^; Philosophical Transac ions, Nos. 305, 310, 320, 347, 348, 349, 
S51, 36 i, 363, 365, 368« 376, 385, 395, 398, 399,402, 410, 4iS, 
431» and 433, &c. 
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by electricity. Hiis inflammable air is generated parr^ 
ticulariy between the tropics, by many natural opera* 
tions, such as the putrefaction of animal and vegetable 
substances, volcanoes, &c. ; and being- lighter than 
any other, ascends to the upper regions of the atmos- 
phere, and, by the motion of the earth, is urged to* 
wards the poles ; for it has been proved by experiments 
that, whatever is lighter, or swims on a fluid which 
revolves on an axis, is urged towards the extreme 
points of that axis i*^ Hence, these inflammable parti* 
cles continually accumulate at the poles, and by meet^ 
mg with heterogeneous matter, take fire, and causli 
those luminous appearances frec^uently seen towards 
the polar regions.! 

In high latitudes the Auroras Boreales appear with 
Ae greatest lustre, and extend over the greatest part 
of the hemisphere, varying their colours from all the 
tints of ycfllow to the most obscure russet4 In the 
north east parts of Siberia, Hudson's Bay, &c. they 
are attended by a continued hissing and cracking 
noise through the air, similar to that produced by fire 
^orks.$ y^ 

!!• OlP fHE RAINBOW. The rainbow is the most 
beautiful meteor with which we are acquainted : it is 
never seen but in rainy weather, where the sun illumin- 
ates the felling rain, and when the spectator turns hia' 



* See Mr. Kirwan's account of the Aurora Borealis, Irish Phik 
Tri^sactlons for 1788, page 70, &c. 

\ We have very few accounts of the Aurora Australis, or S«)uth- 
em Lights, owing perhaps to the want of observations tn those 're- 
mote parts of the globe, and a proper channel of information. Cap* 
tain Cookr in his second voyage towards the south pole, says : 
*• (February I7th, 1773) We observed a beautiful phenomenon in 
the heavens, consisting of long columns of clear white light, shoot<i 
ing up, from the heavens to the eastward, almost to the zenith, and 
gradually spreading over the whole southern part of the sky. 
Though these columns were in most respects similar to the Aurora 
Boreuis, yet they seemed to differ from them in being always of 
a whitish colour. The stars were sometimes hid by, and sometimes 
faintHy to be seen through, the substance of these Aurorse Australes. 
The sky was generally clear when they appeared, and the air sharp 
and cold, the thermometer standing at the freezing point; the ship 
Ikrng in latitude 58<» south.*' 

% Br Rees' New Cyclopaedia, word Aurora. Borealis. 

{ |*hilo8oplucal Traasactsons, vol. Ixxiv. pag« 229« 
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back to the sun. There are frequently two bows seeiiy 
tiie interior and exterior bow. The interior bow is the 
brightest, being formed by the ray^ of light falling oa 
the upper parts of the drops of rain ; for a ray of light 
entering the upper part of a drop of rain will, by re* 
fraction, be thrown upon die inner part of the spherical 
surface of that drop^ whence it will be reflected to the 
lower part of the drop, where, undergoing a second 
refraction, it will be bent towards the eye of the spec* 
tator ; hence, the rays which fall upon the interior 
bow come to the eye after two refractions and one re* 
flection, and the colours of this bow hma the upper 
part are red, orange, yellow, green, blue, indigo, and 
violet. The exterior bow is formed by the ray^ of 
I%ht falling on the lower parts of the drops of rain ; 
tiit^se rays, like the former, undergo two refractions^ 
viz. one when tiieyenter the drops, and another when 
they emerge from the drops to the eye ; but they su& 
fer two or more reflections in the interior surface of the 
drops ; hence, tiie colours of these rays are not so strong 
and well defined as'^ose in the interior bow, and ap« 
pear in an inverted order, viz* from the under part 
they are red, orange, yellow, green, blue, indigo, and 
vioJet. To illustrate this by experiment, suspend a 
glass globe filled with water in the sun-shine, turn your 
back to the sun, and view the globe at such a distance 
that the part of it the farthest from the sun may appear 
of a full red colour, then will the rays which come 
from the globe ^o the eye make an angle of 42 degrees 
with the sun's diredt ^rays ; and if the eye remain in 
the sainflbjosition, and Another person lower the glass 
globe graaUD^, the orange, yellow, green, &c. colours, 
will appear in succession, as in the interior bow. Again^ 
if the glasr globe be elevated, so that the side nearest 
to the sun may appear red, the rays which come from 
the globe toy. the eye will make an angle of about 50 
degrees ; then, if another person gradually raise the 
glass globe, while the spectator remains in the same 
position, the rays will successively change from red to 
orange, green, yellow, &c. as in the exterior bow. 
These observations being understood, \exdne (Plate 
JV. Fig. 1.) represent a drop of rain belonging to the 
foterior bowj S ^ a ray of light falling on the upper part 



I 

<|f the drop at d; instead of the ray continuing its direc- 
tion towards F, it will be refracted or bent towards n, 
whencb part of it (for some will pass through the drop) 
will be reflected to e, making the angle of incidence dn 
k equal to the angle of reflection e n k^ instead of con-^ 
iinuing its direction from e towards^, it will, by emerg- 
ing out of the water into the air, be again refracted to 
the eye at O* But as this ray of light consists of a pen* 
cil"^ of rays, some of which are more refrangiblef than 
ethers, the violet, which is the most refrangible, will pro* 
ceed towards B, and the red, which is the least refran- 
gible, will proceed towards 0« Now, if the eye of the 
spectator be so placed that the ray of light falling upon 
it has been once reflected, and twice refracted, so that 
O e shall make, with the solar ray S ^/, an angle S m O 
of 42^ 2',^ he will see the red ray in the direction Oemi 
and if the eye isie raised to B, so that B € shall make, 
with the solar ray Sdy an angle BFS of 40° 17', the vio- 
let ray will be seen in die direction B e F ; the red ray 
will appear the highest, the violet the lowest, and the 
rest in' order, according to their different nefrangibilit}''^ 
as in the interior bow (Fig, 2. Plate IV-) ; for the drop 
of water descends from F to ^. What has been observ- 
ed of one drop of water, will be true in an infinite num« 



* A pencil of rays is a portion of light of a conical form, diverg-^ 
ing or proceeding from a point ; or tending to appint^ in 'Which 
case the rays are said to converge. 

f Kv'frangibility of the rays of light is their tendency to deviate 
from tlieir natural course. Those rays vvhich deviate the most from 
tlieir natural course, in passing out of one medium into another, are 
said to be the most refrangible ; and those v^hich deviate the least 
from their natural course, are the least refrangible. Sir Isaac New- 
ton, by experiment, found the red rays to be the least refrangible^ 
and the violet rays the most ; aiid those rays which ai*e the least re- 
frangible are likewise the least reflexible. ^ 

t The sine of incidence and refraction of the least refrangible 
rays, out of water into air, is as 3 to 4, or as 81 to 108 ; and the most 
refrangible, as 81 to 109. Emerson's Optics, p. 92.— The same au- 
thor, at page 137, prob. xxvi, of his Optics, by the metliod of flux- 
ions or increments, and using the numbers above, finds, that the an- 
gle which the emergent ray makes with the incident ray, in the in- 
terior bow, is 42** 2' for the red, and 40" 17' for the violet ; and for 
the exterior bow, these angles are 50** 57\ and 54*^ 7'. The investi- 
gations are here omitted, because they cannot be rendered intelli- 
gible to any persons but mathematicians. 
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ber of drops; hence, the interior bow is composed of a 
circular arch, whose breadth is F e, proportional to the 
difference between the least and most refrangible rays. 

To explain the exterior bow. Let c t n d (Plate IV. 
Fig 1.) represent a drop of rain, S cf a ray of light falling 
upon the under part of it at 6f ; instead of this ray con- 
tinuing in its direction towards m, it will be refracted to 
n, whence part of it will pass through the drop, and the 
rest will be reflected to f ; at f a part of it will again pass 
through the drop, and the remainder will be reflected to 
C ; then in emergingfrom the water into the air, instead 
of continuiitg the direction CZi, it will be refracted from 
C to the eye at O. But as this ray of light, like that in 
the interior bow, consists of a pencil of rays of different 
refrangibility, the red, which is the least refrangible will 
proceed towards A ; and the violet, which is the most 
Tcfrangible, will proceed towards O. Now, if the eye 
of the spectator be so placed that the ray of light fsdiing 
Upon it has been twice reflected, and twice refracted, so 
that O shall make with the solar ray S o an angle S ^ O 
of SAP 7', he will see the violet ray in the direction O c 
V J and if the eye be raised to A, so that A 6 shall make 
with the solar ray S <? an angle S o A, of 50° 57\ the red 
ray will be seen in the direction A c r j the violet ray 
will appear the highest, and the red ray the lowest, and 
the rest inr order according to their different refran^- 
bility, as in the ex;terior bow (Plate IV. Fig. 2.), for the 
drop of water descends from H to d. The same obser- 
vations apply to an infinite number of drops, as in the in- 
terior bow. 

Hence, if the sun were a point, the breadth of the ex- 
terior bow would be (54° 7' — 50° 57') 3° 10"^ that of the 
interior bow (42° 2' — 40° 1 7') 1° 45', and the distance 
between them (50° 57' — 42° 2') 8° 55 \ but, as the mean 
diameter of the sun is about 32' 2", the breadths of the 
bows must be increased by this quantity, and their dis- 
tances diminished ; the breadth of the exterior bow will 
then be 3° 42' that of the interior bow 2° 17', and their 
distance 8° 23'. The greatest semi-diameter of the inte- 
rior bow will be (42° 2' + 16', the sun's semi-diameter) 
42° 18', and the least semi>diameter of the exterior bow 
(50° 57' — 16' the sun's semi-diameter) 50° 41'. 
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An rainbows are arches of equal circles, and conse* 
quently are equally large, though we do not always see 
an equal quantity of them; for, the eye of a spectator is 
the vertex of a cone, and its circular base is the rain- 
bow, the semi-diameter of which (for the interior bow) 
is the fixed quantity 42^ 13', equal to the angle FOP'; 
and as SF will in all situations be parallel to OP, and 
the angle SFO, equal to FOP; must be always equal to 
42° 18 , it is evident that as S rises, F and P will sink ; 
and when SF makes^ angle of 42P 18' with the hori- 
zon, OF will com^!^ with OQ, and the interior bow 
will j^anish : hence the interior bow cannot be seen if the 
sun*s altitude exceed 42° 18': again, as the point P rise^^ 
the point S will sink, and when OP coincides with OQ, 
SF will be parallel to the horizon (viz. the sun will be 
rising or setting) and the whole semi-diameter of the 
rainbow will appear, which is the greatest part of it that 
ever can be seen on level ground ; hence, half a rainbow 
is the niost that can be seen in such a situation ; but if 
the observer be on the top of a high mountain, such as 
the Andes, with his back to the sun, and if it rains in a 
valley before him, a whole rainbow may be seen, form- 
ing a complete circle. The above reasoning is equally 
applicable to the outer bow ; hence, as the sun rises, the 
bows sink; and when his altitude exceeds 42° 18', the 
interior bow cannot be seen; and if it exceecte (S4Pf + 
16') 54° 23', the exterior bow cannot be seen. 



PART 11. 

THB BLEMBNTABY PRINCIPLES OF ASTRONOMY. 

(10NTAXNIKG» 

U The Salar System, ^c. %, The Nature of Comets j 
the Elongations, stationary and retrograde 4ppear^ 
ances of the. Planets; of the Fioced Stars } the Ec^ses 
of the Sun and Moon, C5?c, 

CHAPTER I. 

Of the Solar System. (Plate IL Fig. 1.) 

THE solar system is so called because the sun is sup^ 
posed to be placed in a certain point, termed the centre 
of the system, having all ithe planets revolving roun4 
Jiim at different distances, and in different periods of 
tim^. This is likewise called the Copernican system. 

;. OF THE SUNt 

I. 

The sun is situated near the centre of the orbits of all 
the planets, and revolves on its axis in 25 days 14 hours 
8 minutes. TTiis revolution is determined from the 
.motion of the spots on its surface, which first make their 
appearance on the eastern extremity, and then, by dc* 
grees, come forwards towards the middle, and so pass 
on till they reach the western edge, and then disappear* 
When they have been absent for nearly the sjime period 
of time which they were visible, they appear again as at 
first, finishing their entire circuit in 27 days 12 hours 
20 minutes.* 



• M. Cassini determmed the time whxh the sun takes to revolve 
on it» axis thus : the time in which a spot returns to the same situa^ 
tion on the sun's disc (determined from a series of accurate observa-* 
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The sun is likewise agitated by a small motion round 
the centre of gravity of the solar system, occasioned by 
the various attractions of the surroundfing planets; but» 
fts this centre of gravity is generally within the body of 
the suUf^i^and can never be at the distance of more than 
the length of the solar diameter from the centre of that 
body, astronomers generally consider the sun as the cen« 
ire of the system, round which all the planets revolve ; 
though in reality the centre of gravity of the sun and of 
all the planets is the centrjB of the world.f As the sun 
revolves on an axis, his figure is supposed not to be 
strictly in the form of a globe, but a little flatted iat the 
poles; and that his axis makes an angle of about eight 
degrees4 with a perpendicular to the plane of the earth's 
orbit. As the sun's apparent diameter is longer in De- 
cember than in June^ it follows that the sun is nearer to 
the earth in our winter than it is in summer; for the ap- 
parent magnitude of a distant body diminishes as the 
distance increases. The mean apparent diameter of the 
sun is stated to be 32' 2" ; hence, taking the distance of 
the sun from the earth to be 95 millions of miles as be- 
fore determined,^ its real diameter will be 886149 miles ; 



tipijie) is 97 d. 1^2 h. 20 m. now the mean motion of the earth in that 
time is 27** r' B" ; hence, 360« + 2r«> 7' 8'' : 27 d. H h. 20 m. : : 360** : 
32 d. 14 h. 8 m.y the time of rotation. 

* Sir I. Newton's Frincip. Book iii. Prop. 11 and 12. 
j- Newton's Princip. Book iii. Prop. 12. Corol. 

# Walker's Familiar Philosophy, Lecture xi. page 516. 

$ The semi- diameter of the earth has been determined at page 56^ 
in the note, to be 3982 miles : and the distance of the earth from the 
sun is 2388 284 semi-diatheters of the earth. See the note, page 61. 
^ow, the apparent semi-diameter m n of the sun (Plate iV. Fig 3.) 
is measured by the angle m o » ss 32' 2'' ; hence the angle O m n ^ 

the angle O ni» ^122!z:22l£'=5:89** 43' 59"; and on account of 

2 

the sun from the earth, O m, OC, and O n may be considered as 

^qual. Hence, 

A sine O n w 89<» 43' 59" • 9.9999953 

Is to 23882.84 semi-diameters - 4.3780860 

So is sinew On 32' 2" - • 7.9693152 



To 222.5388 semi-diameters - 2.3474059 

^ow, 222.5588 X 3982 ss 886149.5016 miles, the diameter of the 
sun, the cube of which divided by the cube of 7964, the diameter of 
the earthy gives 1377613 times the son is larger thsn the earth. 
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and, as the magnitudes of all spherical bodies are as the 
cubes* of their diameters, the magnitude of the sun will 
be 13r7613 timmk that of the earth ; the diameter of the 
earth being only 7964 miles, the diameter of the sun is 
above one hundred and eleven times the diameter of the 
earth* 

II* OF HEaCURY S* 

Mercury is the least o£ all the planets whose magni- 
tudes are accurately "known, and the nearest to the sun. 
The inclination of its axis to the plane of its orbit, and 
the time it takes to revolve on its axis, are unknown, 
consequently the vicissitudes of its seasons, and the 
length of its day ana night, are likewise unknown* 
Mercury is seen through a telescope sometimes in the 
form of a half moon, and sometimes a little more or less 
than half his disc is seen; hence, it is inferred, that he 
has the same phases as the moon; except that he never ap- 
pears quite round, because his enlightened side is never 
turned directly towards us, unless when he is so near the . 
sun as to become invisible, by reason of the splendor of 
the sun's rays. The enlightened side of this planet 
being always towards the sun, and bis never appearing 
round, are evident proofs that he shines not by his own 
light ; for, if he did, he would constancy appear round* 
The best observations of this planet are those made 
when he is seen on the sun's disc, called his transit ; for, 
in his lower conjunction, he sometimes passes before the 
sun, like a little spot, eclipsing a small part of the sun's 
body, only observable with a telescope* That node 
from which Mercury ascends northward above the 
ecliptic is the fifteenth degree of Taurus;! and, conse- 
quently, the opposite or descending node is the fifteenth 
degree of Scoipio* The earth is in the fifteenth de- 
gree of Taurus on the 6th of May, and in the fifteenth 
of Scorpio on the 4th of November; and when Mercury 



• Euclid xii. and 18th» 

t The place of Mercury's ascending node for 1750 was 15® 20' 
.43 ' in Taurus^ and its variation in one hundred years is 1^ 12' lO'* 
Vince's Astronomy. 
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comes to either of his nodes at his inferior conjunction 
(viz. when he is between the earth and the sun), he will 
pass over the sun's disc, if it happen on or near the 
days above mentioned : but in all other parts of his 
orbit, he goes efther above or below the sun, and con- 
sequently his conjunctions are invisible. 

Mercury performs his periodical revolution round 
the sun in 87 d. 23 h. 15 min. 43 sec. ; his greatest 
elongation is 28^ 20', distance from the sun 36^14721 
n(iiles;* the eccentricity of his orbit is estimated at 



* Tl^e distance of Mercury, or any planet, from the sun, may be 
found, by Kepler's rule, thus : is the square of the time which the 
casth takes to remAve round the sun, is to the cube of the meim dis- 
tance of the earth from the sim, so is the square of the time which 
any other planet takes to revolve round the sun, to the cube of its 
mean distance ; the cube root of which will ^ve the distance sought. 
Or, wblch is shorter, divide^he square of tHe time in which any 
planet revolves round the sun, by the square of the time in which 
the earth revolves round the sun, the cube root of the quotient wiB 
give the relative distance of the planet from the sun. This relative 
distance multiplied by the mean distance of the earth from the sun, 
^rill g^ve the mean distance of the planet from the sun. 

First, for Mercury. The earth revolves round the sun in 365 d. 
5 h. 48 min. 48 sec. ss 31556928 sec. the square of which is 
99583970479184, a constant divisor for all the planets, and 23883.84, 
the distance of the earth from the sun in semi-diameters (see page 
61, note) will be a constant multiplier.—- 87 d. 23 b. 15. m. 43 sec. 
n 7600^3 sec. the square of which is 57768253894849. This 
square divided by the former, gives .0580096 nearly, the cube root 
of which is .38710991, the distance of Mercury from the sun, sup- 
posing the distance of the earth fbom the sun to be an unit.— 
.38710991 X 23882.84 ri 9245.2841, dist^ce of Mercury from the 
sun in semi-diameters of t^^arth; hence, 9245.3841 X 3982, radius 
of the earth, ss 36814721 miles, the mean distance of Mercury 
from the sun. 

The distance of the inferior planets frt>m the sun may be found 
by their elongations. M. de la Lande has calculated that, when 
Mercury is in his aphelion, and the earth in its perigee, the greatest 
elongation of Mercury is 28® 20' ; but when Mercury is in his peri- 
helion, and the earth in its apogee, the greatest elongation is 17^ 
36'; the medium, therefore, is 22*^58'. Hence, in the triangle, 
SE V (Plate II. Fig. 2.) the angle SE V — 22*^ 58', the distance of 
the earth from the sun S £ ^ 23882.84 semi-diameters, and £ V S 
is a right angle. 

As radius, sine of 90** - 10.0000000 

Is to S E a 23832.84 - • 4.3780860 

So is sine of 220 58' - - 9.5912823 

To 9318.976 semi-diameters - 3 909368J 
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one fifth of his mean distance from the sun ; his appft'> 
rent diameter 11"; hence, his real diameter is 3108 
miles,"*^ and his magnitude about one sixteenth of the 
magnitude of the earth. 

Mercury emits a bright white light ; he appears a 
litde after sun-set, and again a little before sun-rise; 
but, on account of his nearness to the sun, and the 
smallness of his magnitude, he is seldom seen. Tho 
light and heat which this planet receives from the sun, 
are about seven times greater than the light and heat 
which the earth receives.f The orbit of Mercury 
makes an angle of seven degrees with the ecliptic, and 
he revolves round the sun at the rate of upwards of one 



Hence, 9318976 x 3982 sae 37108162 miles, the distance of Mer- 
cury from the sun, by this method ; but an error of a few seconds in 
the elongation will make a considerable difference. <* 

* The mean distance of the earth from the sun is 23882.84 semi- 
diam. and Mercury's distance 9245.2841 semi-diam. : the difference 
is 14637.5559 semi-diam. the distance of Mercury from the earth ; 
Wid, as the magnitudes of all bodies vary inversely as their dis- 
tances, we have by the rule of three inverse, as 14637.5559 : 11" 
: : 23882.84 : 6'' .74179, the apparent diameter of Mercury, at a 
distance from the earth equal to that of the sun. Now, the mean 
apparent diameter of the sun is 32' 2", and its real diameter 
886149 miles ; hence, 32' 2" : 886149 m. : : 6" .74179 : 3108 miles ^ 
of the diameter of Mercury ; and, if the cube of the diameter of 
the earth be divided by the cube of the diameter of Mercury, the 
quotient will be 16.8 times the magnitude of the earth exceeds that 
of Mercury. I 

The diameter of Mercury might have been found exactly in tlie 
same manner as the diameter of the sun was found in the note page 
125, using 11'' instead of o2' 2'', and 14^7*5559 semi-diam. instead 
of 23882-84 semi diam. : the result ofthe operation in this case 
will be .78061 semi-diam. of the earth ; hence, .78061 x 3982 ss 
3108 miles, the diameter of Mercui-y exactly as above. It has 
been remarked at page 61, that the apparent diameters of the 
planets are measured by a micrometer, said to be invented by M. 
Azout, a Frenchman ; but it appears, from the Philosophical 
Transactions^ that it was invented by Mr. Gascoigne, an English- 
man. 

t As the eflTects of light and heat are reciprocally proportional to 
the squares of the distances from the centre whence they are pro- 
pagated ; if you divide the square of the earth's distance ffom 
the sun, by the square of Mercui^'s distance from the sun, the i 

quotient will shew the comparative heat of Mercury to that of the \ 

earth. 
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hVmdfed and nine thousand miles per hour.* Thd 
il^anner in which the earth revolves round the sun, has 
already been explained at page 61, and^ as all the other 

Elanets mov^ ia a similar manner in elliptical orbits^ 
aving the sun in one of the foci, what has been ob^ 
served respecting the earth will be equally applicable to 
all the planets. / 

III. OF VENUS 9; 

VenusHs the brightest, and, to appearance^ the larg^ 
est of all the planets. Her light is distinguished from 
that of the other planets by its brilliancy and whiteness^ 
which are so considerable that, in a dusky place, she 
causes au objj:ct to cast a sensible shadow^ Venus^ 
when viewed through a telescope, appears to have ail 
the phases of the moon, from the crescent to the en* 
lightened hemisphere, though she is seldom seen per- 
fectly round* Her illuminated part is constantly turn- 
ed towards the. sun ; hence, the convex part of her cres- 
cent is turned towards the east when she is a morning 
star, and towards the west when she is an evening star ; 
for, when Venus is west of the sun, as seen from the 
earth, that is, when her longitude is less than the sun's 
longitude, she rises before him in the morning, and is 
then called a morning star ; but when she is east of the 
sun, viz. when her longitude is greater than the sun's 
longitude, she shines in the evening after the sun sets^ 
and is then called an evening star. 

Venus is a momii^ star, or appears west of the sun 
for about 290 days^^p^d she is an evening star, or ap- 
pears east of the sun for nearly the same length of time^ 
though she performs her whole revolution round the 



* This is found in the same manner as for the e&rth at page 62, 
Thus, if you double the distance of any planet from the sun, then 
multiply by 355, and divide the last product by 113, you obtaii the 
circumference of the planet's orbit in miles. This circumference, 
divided by the number of hours in the planet's year, will give the 
number of miles per hour which that planet travels round the sun : 
a general rule for all the planets- Hence^ 

The circumference of Mercurv's orbit will be found 231313733.717 
miles; then, as 87 d. 23 h. 15' 43" : 231313733.717 miles j : l,h. : 
X99S61 miles Mercury travels per hour. 

B 
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ftuam3e4d9fSl6faoui9, 49muiat6«, tO««eo«dft« A 
very natural quettioa may. here b^ aftl^eflt viz* Why 
Venus appears a longer time to the eastward or weal;« 
ward of the sun than the whok ume of her entire revo^r 
lution round him i This is easily answered^ by consider*'^ 
ing that, while Venus is going romid ihe sun, theearth^ 
is going round him the same way, though slower than 
Venus, and therefore the relative motion of Venus is" 
slower than her absolute motion* 

Sometimes Venus is seen on the disc of the sun in, 
the form of a dark round spot* These appearances 
happen but seldom, viz« they can happen only when' 
Venus is between the earth and the sun, and whence 
earth is nearly in a line with one of the i^nodes of Ve-^ 
nus."^ Thelasttran&itof Venus was in 1769, and there 
will not hsq>pen another of them till the year 187^ The 
time which this planet takes to revolve on its axis^ 
and the inclination of its axis to the plane of its orbit^ 
have been given by different astronomers ; but Dr. 
Herschel, from a long aeries of observations on this 
planet, published in the Philosophical Transactions 
for 1793, concludes, that the time of this planet's reta* 
tion on its axis is uncertain, and that die-position of ^ 
its axis is equally uncertain ; t^at its atmosphere is very 
considerable ; that it has probably inequaliues on its 
surface, but that it requires a better eyC' than his, or 
the assistance of better instruments than he is possessed 
of, to discover any mountains. The apparent diameter 
of Venus is stated to be 58.79" ; Ae eccentricity oiF 
her orbit 473100 miles ;t her greatest elongation 47° 
48^ ; her revolution round the sun i? performed in 224 d. 
16 h. 49min. 10sec4 as before stated; and, if her ap- 



• The place of the ascending^ node of Velms for 1750 was 14<» 26' 
18" in Gemini, and its variation in kOQ years is 51' 40". Vinoc*s 
Astronomy. 

t For, accbrdine to M. de la Lande, if the mean distance of the 
earth be 100000, die eccentricity of Venus will be 498; hence, 
when the distance is 95 miUions of miles, the eccentcicity will be 
473100 miles. 

i The seconds in this time sb 19414150, the square (^ which is 
3ro909220222o00, this divided by 995839704797184 (see the 
note, page 127) gives .378i838, &c. the cube fo<)t of which is 
.7233511; this, multiplied b> ;^3682.d4» produces I72r5.678585 wmi* 
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pArentidsaflBiftter be tdccn as above, heir tftie (fianeter 
will be* 7498 mika, and ber magnitude something less 
than that of the earth ; likewise her distance from the 
aun ^nHbieh wUl be foniKl to be 68791752 milils« 

The light and heat which this planet receives from 
tile aun, are about double to what the earth receives.f 
The.CHrbit of Vetti:^ makes im angle of 3^ 23' 3S" witi^ 
Ae ecliptic, and she revolves round the sun at the rate 
of upwards of eighty thousand miles per hour4 I'bis 
jdaaet, like Mercury, never departs from the sun ; she 
ia doly visible. a few ^hoors in liie momitig before the 
aim rises, or in the evening after he sets, an evident 
jproof that the orbits of these planets are contained 
within die orbit of the earth, otherwise they would be 
seen in oppostdon to the aun, or above the horiz<m at 
midnight. 

iV. or THE EARTH 9, AKD ITS SATELLITE THE 

MOOK 3 • 

The figure and the magnitude of the earth have been 
already eiq»lained in Chapter III. Part I ; and its diur- 



diam, which, multiplied by 3982 ^Z 68791752 miles the distance of 
Venus from the sun. 

M. de la Lande has ibmid the greastest elongations of Venus to 
be 47^ 48' and 44^ 57' when in similar situations to Mercury men* 
tioned In the note to page 127; the medium is 46^ 22^ 30^, usi|igthis 
fmgle and the very same calculation as in the note, pa^es 127 and 
128, the distance of Venus from the sun will be found =1 17286.09 
aemi- diameters of the earth ; hence, the distance will be had Z= 
68641174 miles, astbnishingiy near to the disjtance found by Kep- 
ler's rule, considering the great difference ^n the principles of 
calcubtioa, and a strong proof the truth of the Copernican sya- 
tern. 

* Here,, (as in the note page 128) 23892.84 — 17375.678585'n 
6607- 16145 semi-diam. distance of Venus from the earth; hence, 
hiTeraely, 660716145 : Sdf 79 : : 23«8284 : 16^' 26419, and 32' 2" 
8 866149 : : 16^ .26419 : 7498 miles the diameter of Venus Or, 
by trigonometry, using the angrle 58 ' .79, and distance 6607.16145, 
the resok is 1 88314 ; x ^^82 :^ 7498 miles. 

f This is found by dividing the square of the earth's distance 
from the sun, by tuie square of tiie distance of Venus from the 
•on. 

t By the process mentioned in the note, page 129, the circum« 
ierence of the orbit of Vemis will be found to be 432231362.123 
miles ; then, as 224d. 16 h. 49m. 10 sec. : 4322313^.123 miles : : 
1 h. : 80149 miles Venaa tvavels per hour. 
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aal and aannal revolution round the sun^ distance fisom 
the 3un, aeasons of the year. Sec. have been shewn 
in Chapter IV ; as it would be superfluous to repeat 
those particulars here, this chapter' is confined entirely 
to the moon. 

The moon being the nearest celestial body to the 
earth, and, next to the . sun, the most resplendent in 
appearance, has eSLcited the attention of a^itronomers 
in all ages. The Hebrews, the Greeks, the Romans, 
and, in general, all the ancients, used to assemble a» the 
time of new, or full moon, to discharge' the duties bf 
piety and gratitude for its manifold uses. The day 
being measured by observing the time which the sun 
took in apparently moving from any meridian to the 
same again, so the month was measured by the number 
of days elapsed from new moon to new moon; this 
month was supposed to be completed \n thirty days''^ ; 
and when the motion of the moon came to be compared 
with, and adjusted to, the apparent motion of the sun, 
twelve of these months were thought to correspond ex- 
actly with the sun's annual course. The Iqnar month 
is of two sorts, periodical and synodical. A periodical 
ibonth is the time in w^ich the moon finishes her course 
I'ound the earth, and consists of 27 days 7 hours 43 
min. 5 seconds ; and a synodical month is the time elap- 
sed from new moon to new moon, and consists of 29 
days 12 hours 44 min. 3 seconds. The synodical month 
was probably the only one observed in the infancy of 
astronomy. 

The orbit of the moon is nearly ellintical, having the 
earth in one of iis foci ; but the eccentricity of this ellip- 
sis is variable, being the greatest when the line of the 



• The Rev Mr. Costard, in his Hifttvy of Astronomy, supposes 
that the oldest measm-e of time (taken froro the revolutions of the 
heavenly bodies) was a month : and, after the length of the year 
was discovered, the ecliptic, and all oth^ circles, were divided in* 
to 360 equal parts, called de^ees, because 30 d. x 12 — 360 days, 
the length of the year. Hist of Astr. p. 44. In an accoupt of the 
Pelew islands, we are told that the inhabitants reckoned their time 
bv months, and not by years , for, when the king entrusted his son 
to the care of captain VVilson, he mquired how many moons would 
elapse bi fore lie might expect the return of his son. The inhabi-f 
tents of these islands were totally ignorant of the arts an4 SQiences^ 
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apsides is in the syzygies, for then the transverse axis 
of the mocHi'a orbit is lengthened ; and the least when 
the transverse axis is in the quadratures, for then the 
Goi^gate axis is lengthened, and consequently the or- 
bit approaches nearer to a circle. The moon, in her 
revolution round the earth, would always describe the 
same ellipsis, were that revolution undisturbed by the 
action of the sun ; the principal axis of her orbit would 
remain at rest, and be always of the same quantity ; her 
periodic times would all be equal, and the inclination of 
her orbit to the e^iptic and the place of her nodes 
would be invariable : but her motions being disturbed 
by the action of the sun, they become subject to so 
many irregularities, that to calculate the moon's place 
truly, and to establish the elements of her theory, are 
almost insuperable difficulties. 

The orbit of the moon is inclined to the ecliptic in an 
angle, which is variable from 5^ to 5^ 18^ consequently 
it is inclined in an angle of 5^ 9' at a medium. 1 he 
motion of the moon's nodes, or places where her orbit 
crosses the orbit of the earth, is westward, or contrary 
to the order of the signs : this motion is likewise irregu- 
lar, but by comparing together a great number of dis- 
tant observations, the mean, annual retrograde motion 
is found to be about 19^ 19' 44", so that the nodes make 
a complete retrograde revolution from any point of the 
ecliptic to the same again in about 1 8 years 228 days 6 
hours. The axis of the moon is almost perpendicular 
to the plane of the ecliptic, the angle being 88^ 17',^on- 
sequendy she has little or no diversity of seasons. The 
moon turns round her axis, from the sun to the sun 
again, in 29 days 12 hours 44 minutes 3 seconds, which 
is exactly the time that she takes to go round her orbit 
from new moon to new moon ; she therefore has con- 
stantly the same side turned towards the earth. This, 
however, is subject to a small variation, called the libra- 
tion^ of the moon, so that she sometimes turns a little 
inore of the one side of her face towards the earth, and 



• A lunar ^ohe was publish d a few years ago by Mr. RHssel« 
which shews hot only the libration of the moon in tlie most perfect 
nianner, but is a complete picture of the mountains^ pits, and shades^ 
on her surface. 
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sometimes a litde more of the other, srising from her 
unUorm motion on her axis and unequal motion in her 
orbit : this is called her libration in longitude The moon 
likewise appears to have a kind of vacillating motimi, 
which presents to our view sometimes more and some* 
times less of die spots on her surface towards each pole ; 
this arises from die a»s of the moon making an ang^ 
of about 1^ 43' with a perpendicular to the plane of the 
ecliptic; and, as this axis maintains its pandlelism da- 
ring the moon's revolution rcmnd the eardi, it inust ne* 
eessarily change its situation to an observer on the 
earth: this is called the moon's libration in latitude* 

While the moon revolves round the earth in an ellip- 
tieid orbit, riie likewise accompanies the earth in its 
eUiptical orbit round the sun ; by this compound motioa 
herpaih is every where concave towards the sun.* 

llie moon, like the planets, is an opaque body, and 
shines entirely by light received from the sun, a portion 
of which is reflected to the earth. As the l»un can only 
enlighten one half of a spherical surface at one, it fol* 
lows that according to die situation of an observer, with 
respect to the illuminated part of the moon, he will see 
more or less of the light reflected from her surface. At 
the conjunction, or time of new moon, the moon is be- 
tween the earth and the sun, and eonsequently that side 
of the moon which is never seen from the e^uth is en- 
lightened by the sun, and that side which is constandy 
turned towards the earth is wholly in darkness.f Now, 
as the meam motion of the moon in her oribit exceeds 
the apparent motion of the sun by about 12^ il' in a 
day4 it follows that, about four days after the new 
moon, she will be seen in the evening a litde to the east 
of the sun, after he has descended below the western 
part of the horizon. A spectator will see the convex 
part of the moon towards the west, and die horns otf 



■»« 



• See M. MftcIiuiNn's account of Sir Isaac Newton's disooveriet, 
book iv,chap. 5; Rowers Fluxions^ second edition, page 225; Fer- 
^son's Astronomy, octavo edition, article 266; or a treatise on as- 
tronomy, by Mr. O. Gregory, article 458. 

f Except the light which is reflected upon it from the eaith, 
^ich we cannot perteive. 

t See the note page 74* 
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cttsps towards the east ; ar^ if the observer live in aorth 
latitude, as he looks at the moon the horns will afqpear 
to the left hand ; for if the line joining the cusps of the 
moon be bisected by a perpendicular passing through 
the enlightened part of the mocna, that perpendicular 
will point direcdy to the suiu As the moon continues 
her motion eastward, a greater portion of her sorfiice 
towards the earth becomes enlightened ; and when she 
is 90 degrees eastward of the sun, w)iich will happen, 
about 7-1 days from the tilne of new moon, she will 
come to the meridian about 6 o'clock in the evening, 
having the appearance of a bright semi-circle ; advan« 
cing still to the eastward, she becomes more enlightened: 
towards the earth, and at the end of about ii^ daya^ 
she will come to the meridian at midnight, being dia^ 
metrically opposite to the sun ; and consequently A» 
appears a complete circle, or it is said to be full mo€n» 
The earth is now between the sun and the mocrn^ and 
that half of her surface which is constantly turned to-« 
wards the earth, is wholly illuminated by the direct rays 
of the sun ; whilst that half of her surface which is never 
seen from the earth is involved in darkness* The moon 
continuing her progress eastward, she becomes deficient 
on her western edge, and about 7-^ days firom the full 
snoon she is ^gain within 90 degrees of the sun, smd 
^>pears a semi-circle with the convex side turned to- 
wards the sun : moving on still eastward, the deficiency 
on her western edge becomes greater, and she appears a 
crescent, with the convex side turned towards the east 
and her cusps or horns turned towards the west : and 
about 144 days from the full moon she has s^in over* 
taken the sun, this period being, performed in ^9 days 
12 hours 44 minutes 3 seconds, as has been observed 
before. Hence, from the new moon to the full moon, 
the phases are horned, half moon, and gibbous ; and as 
the convex or well-defined side of the moon is always 
turned towards the sun, the horns, or irregular side^ 
will appear to the east, or towards the left hand of a 
spectator in north latitude. From the full moon to the 
cnange, the phases are gibbous, half moon, and homed, 
the convex or well-defined side of her face will appear 
to the east', and her horns or iiiregular side towards the 
west, or to the right hand of a spectator. ' 



' 
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As the fuU moons always happen when the moon is 
directty opposite to the sun, all the full moons in bur 
winter, happen when the moon is on the north side of 
the equinoctial. The moon, while she passes from 
Aries to lahra, will be vbible at the north pole, and in- 
visible during her progress from Libra to Aries ; con- 
aequently, at the north pole, there is a fortnight's moon-^ 
light and a forteight's darkness by turns. The same 
phenomena will happen at the south pole during the 
sun's absence, in our summer. If the earth, the moon, 
and the sun were all in the same plane, there would be 
an eclipse of the sun at eVery new moon (for then the 
moon is betwen the earth and the sun), and there would 
be an eclipse of the moon at every full moon, at which 
time the earth is between the sun and the moon. But 
aa the orbit of the moon crosses the orbit of the earth or 
the ecliptic in two opposite points, called the nodes ; it 
is evident that the moon is never in the ecliptic except 
when she is in one of these nodes ; an eclipse, therefore 
can never happen unless the moon be in or near one of 
these nodes, at all other times she is eithfer above or be- 
low the orbit of the earth ; and^ough the moon crosses 
each of these nodes every month, yet if there should 
not be a new or fdll moon, at or near that time, there 
will be no eclipse. (See more of this subject in a sue- * 
ceeding chapter). The. influence of the moon upon the 
waters of the ocean has already been explained ; and 
the, nature of the harvest-moon will be shewn amongst 
the problems on the globes. 

The moon's greatest horizontal parallax is 61' 32\ 
the least 54' 4", consequently the mean horizontal par- 
allax is "^ 57' 48" ; and her mean distance from the earth 
i^3/^4}7 1 miles. The apparent diameter of the moon 



• Df. Hutton's mathematical Diet, word Parallax. 

f As in the note page 61. 

Sine of angle PSO 5V ' 48" - 8.2256335 

Is to semi'diam. of the earth PO - 0.0000000 
So is radius sine of QO'' ss sine OPS lO.OOOOuOO 



To 59.47938 semi-diameters 1 .7743665 



Hence 59.47938 x 3882 ae 236846.89 miles, distance of the mooft 
from the earth. 



( f 
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is Vikriable according to her distance from the earth; 
her mean apparent diameter is stated to be 31' 7";* 
hence, her real diameter is 2144 miles,! and her magni^- 
tude about -j^^ of the magnitude of the earth. The 
moon performs her revolution round the earth in 2f 
days 7 hours 43 minutes 5 seconds, as has been ob** 
served before, consequently she travels at the rate of 
^2270 miles per hour round the earth, besides attending 
the earth in its annual journey round the sun. 

The surface of the moon is gready diversified with 
inequalities, which through a telescope have the appear- 
ance of hills and valleys^ Astronomers have drawn 
the face of the moon as viewed through a telescope, 
distinguishing the dark and shining parts by their pro- 
per shades and^gares. £ach of the spots on the moon 
has been marked by a numerical figure, serving as a 
reference to the proper name of the particular spot which 
it represents ; as, *, HerschePs volcano ; 1, Grimaldi ; 2, 
Galileo, Sec. ; so that the several spots are named from 
the most noted astronomers, philosophers, and mathe-* 
maticians. The best and most complete picture of the 
moon is that drawn oti Mr. Russel's lunar globe. 



• Vince's Astronomy. 

-j- As in the preceding notes say, inversely, at 5947938 semi- 
diam. : 3i' 7": ; 33882 .84 sem. : 4" .6497, the apparent diameter of 
the moon at a distance from the earth equal to that of the sun ; 
hence, 32' 2'' : 886149 : : 4" .6497 : 2143.8 miles, the diameter of the 
moon. Or, by trigonometry, the angle mOn, (Plate IV. Fig. 3.) 

33 31' 7", hence Own =:122!z^i-l!=89<» 59' 44" 26i'" 

As sine of 89© 59' 44", &c. =s (sine of 90 extremely 

near) 10.0000000 

Is to 59.47938 semi-diametsfkv ... 1.7743665 

So is sine 31' 7" - -*^ - - - - 7.9567310 



To .53839 semi-diameters of the earth - - 1.7310975 



And .53839 X 3982 aa 2143.86, &c. miles, the diameter of the mooD ; 
See the note pages 127, 128. If the cube of the earth's diameter be 
divided by the cube of the moon's diameter, the quotient will be 
51.2 1 hence, the magnitude of the earth is upwards of 50 times that 
of the moon. 

i For, by tlie note page 129, as 113 : 355 : : 236846.9 X 2 : 148$ 
153.09 miles, circumference of the moon's orbit; then 27 d. 7 h* 43 
m. 5 sec. : 148815309 m. : ; 1 h : 2269.5 miles. 

T 
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Dr. H«schel informs us^ that on the I9th of Ajp^ 
1787 y he discovered three volcanoes in the dark part of 
1j)te moon $ two of them appeared nearly extinct, thfl 
third ejdubited ^ actual eruption of fire, or luminous 
matter. On ti^e subsequent night it appeared to burz^ 
with greater violence, and might be computed to be 
Itbout three miles in diameter. The eruption resemUed 
a piece of burning charcoal^ covered by a thin coat of 
white ashes; all the adjacett parts of the volcanic 
mountain were faintly illuminated by the eruption, and 
were gradually more obscure at a greater dist^ce froiQ^ 
tl\e crater. That the surface of the moon i& indented 
with mountains and caverns, is evident from ^he irregur 
larity of that part of her surface which is turned frora^ 
the sun ; for, if there were no parts of the moon higher 
than the rest, the light and dark parts of her disc at the 
time of the quadratures would be terminated by a per* 
fectly straight Kne ; and at all other times the termina-' 
tiop would be an elliptical line, convex towards the en* 
lightened pait of the moon in the first and fourth quar« 
ters, and concave in the second and third : but, instead 
of these lines being regular and well defined when th^ 
moon is viewed through a telescope, they appear notch* 
ed and broken inintitimerable places. It is rather sin- 
gular that the edge of the moon, which h always turned 
towards the sun, is regular and well defined, and at the 
time of full moon no notches or indented parts are seen 
on her surface. In all situations of the moon, the ele** 
vated parts are constantly found to cast a triangular 
iihadow with its vertex turned from the sun ; and, ott 
the contrary, the cavities are always dark on the side^ 
^ext the sun, and illuminated en the opposite side : 
these appearances are exactly conformable to what we 
observe of hills and valleys on the earth : and even in 
the dark part of the moon^s disc, near the borders of 
the lucid sul'facei some minute specks have been seen^' 
apparently enlightened by the sun's rays : these shining 
dpots are supposed to be the summits of high moun- 
tains,* which are illuminated by the sun, while the ad- 



'^ 



• Supposing this to be the fact, astronomers have determined tlie 
belfht of some x>f the lunar mountains. The method made use of 
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kceiit iradle^s nearer the eaH^htened pan pS iht mdon 
are eaiireiy dark. 

Whether the nioon has an atmosphere or not, is a 
question that ha^ long been controverted by various 
sietronomers ; son>e endeavour to prove that the moon 
has neither an atmosphere, seas, nor lakes ; while others 
pontend that she has all these in common with our earthy 
though her atmosphere ii|not so dense as purs. It can* 
not he expected in an in«|pductory treatise, where gen- 
erally received truths only ought to be admitted, that wd 
should enter intp the discussion of a controverted ques- 
tion 5 however, it may be proper to i|:^orm the student, 
that the advocates for an atmosph^e, if we may be 
^dlowed to reason firoip analogy, have the advanta^ 
over thiise who contend that there is none. It is admit* 
ted on all haods, ^at the moon has mountains and 

I ■ ■!■■.«■ ■ ■. I ■ ■ I .1 . ^ I^ I I ■■wy— i^rA>— «^i», 

by BtccioU (tliough it g^ves the true result only at the time of the 
quadratures) is here explained, because it is much more simple 
uianthe general method given by Dr. Herschel« in the Philosophical 
Transaction^ for 1780. Eet ADB (Plate IV. Fig. 7.) be the disc ol' 
face of the moon at the time of the quadratures, AQB the boundary 
of lig^t and darkness ; MO a mountain in the dark part, the summit 
M of which is just beginning to be enlightened, by a ray of ligHf 
SAM from the sun. Novr, by means of a micrometer, tl^e ratio of 
MA to AB may be determined; and as AC is the half of AB, an4 

MAC a right angled triangle, by Euclid 1 and 47th -y/ AXJ^ + AMS^ 
^-CM from which t^e CO «sAC, and th^ remainder MO, is the 
height of the mountain. Rtccioli observed the illuminated part of 
the mountain St. Catharine, on the fourth day after the new moon, 
to be distant from the illuminated part of the moon about one si)^- 
teenth part of the moon^ diameter, viz. MA sas l-six'teenth of AB, 
ifcr ssl-eighth of AC j nov, if w^.take the moon's diatoeter 214^ 
miles, as we have before determined, the height of this mountain 
\TiU be S^^ miles I Galileo makes MA s= 1 20th of AB ; and He. 
▼elius makes MA ^s l-26th of AB ; the fontier of these will give 

the height of the mountain 5-^-^ miles, and the latter %\|r miles. 
Dr. Herschel thinks, *< That the height of the lunar mountains is in 
general greatly over rated, and that the generality of them do not e3E- 
ceed half a mile in their perpendicular elevation.'* On the contrary. 
M. Schroeter, a learned lUBtronomer of Lilientbal, in the duchy of fire- 
Vien, says, that there are mountains in the moon much higher thail 
^y on the earth ; and mentions one above a thousand toises highef 
than Chimboraco in South America. The same author has likewise^ 
lately publiiihed anew work on the height of the mountains of Ve- 
nus, spme of which he makes upwards of twenty- three thousand 
toises In height, whi9h ^s above seven timea the height of Qhim-^ 
))oracQ! 



I 
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valleys, Itke the earth, and appears nearly the same 
with respect to shape and the nature of her motions; 
may we not, then, fairly uifer that she is similar to the 
»earth in other respects ?^ 



. V* OJt HARS % 4 

i . • . 

JMars appear* of a dusky red colour, and though he 
is sometimes apparently as large as Venus, he never 
shines with so brilliant a light. From the dulness and 
ruddy appearance of this planet, it is conjectured that 
he is encompassed with a Aick cloudy atmosphere, 
through which the red rays of light penetrate more 
cosily than the other rays. This being the first planet 
without the orbit of the earth, he exhibits to the specta- 
tor appearances different from Mercury and Venus. He 
is sometimes in conjunction with the sun, like Mercury 
and Venus, but was never known to transit the sun's 
disc. Sometimes he is directly opposite the sun, that 
is, he comes to the meridian at midnight, or rises when 
the sun sets, and sets when the sun rises; at this time 
he shines with the greatest lustre, being nearest to the 
earth. Mars, wh^n viewed through a telescope, ap- 
pears sometimes full and round, at others gibbous, but 
never horned. The foregoing appearances clearly 
show, that Mars moves in an orbit more distant from 
the sun than that of the earth. The apparent motion 
of this planet, like that of Mercury and Venus, is some- 
times direct, or from east to west ; at others retrograde, 
or from west to east ; and sometimes he appears station- 
ary. Sometimes he rises before the sun, and is seen in 
the morning ; at others he sets after the sun, and of 
course is seen in the evening. Mars revolves on its 
axis in 24 hours 39 minutes 22 seconds ; and its polar 
diameter is to its equatorial diameter as 15 to 16, ac« 
cording to Dr. Herschel; but Dr. Maskelyne, who care- 
fully observed this planet at the time of opposition, 
could perceive no difference between its axis. The in- 
clination of the orbit of Mars to the place of the eclip- 
tic is 1° 51'; the plane of his ascending node about la^ 



» -* 
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in TaKonaiBi^ his borizontsil parallax is said to be 23".6 ; 
he performs his revolution round the sun in 686 days 
23 hours 15 minutes 44 seconds ; and his apparent 
semi-diameter, at his nearest distance from the earthy 
|s 25" ; consequently his mean distance from the sun 
is 144^^630 miles ;t his diameter 4218 miles ; and 
his nlagnitude a little more than |th of that of the eartlu^ 
This planet travels round the sun at the rate of 5522S 
;q[iiles per hour ;$ and the parallax of the earth's ai^ual 
orbit, as seen from Mars, is about 41 degrees. As the 
the distances of the interior planets from the sun are 
found by their elongations, so the distances of the exte* 
jrior planets may be found -by the parallax of the earth's 
nanual orbit.^ 



* The Umgkude <^ the aaccn^aa^ node of Man for the beginning 
of the year 1750 was 17'' S8f 38'' ia Tauruii^ and iU variation in 1^ 
years is 46' 40". Vinct^s Attronomy, 

f For, 686 days 23 hours 15 min. 44 sec. &= 59354144 seconds, the 

square of which is 35229144099r2rs6, this divided by 9958397047 

97184 the seconds in a year (see the note page 137} gives 3.537632^ 

the cube root of which is 1.523716, the relative distance of Mars 

from the sun. Hence 1.52S716x23882.84ss36390'6654 disUnce of 

Mars froiA the sun in semi-diam. of the earth, and 36390.6654 x 

3982sxl44907629.6 miles, the mean distance of Mars fK>m the sod. 

|^ow,iftl)e horizontal parallax of Mars at the time of opposition be 

23".6, as* stated by M. de la Caille, we have (see Plate IV. Fig. 6.) 

Sine FSOssssine 23".6 6.0583927 

Is to POssI semi«diameter 0.0000000 

So is radius suie of 90^ 100000000 



To S03s8741.93 semi-diam. 3. 9416073 



Hence, the distance of Mars from the earth at the time of opposition 
la 8741.93 of the earth's semi-diameters ; 8741.93 : 25" : : 23892.84 : 
9".l 5 the apparent diameter of Mars, if seen from the earth at s^ 
distance equal to that of the sun ; then 32' 2" : 886149 : r 9" .15 : 
4218 miles, the diameter of Mars. 

*+ The cube of 7964, the diameter of the earth, is 505119057344 5 
send the cube of 4218, the diameter of Mars, is 75044648232 ; the 
quotient produced by dividing the former by the latter, is 6.73. viz. 
tiie magnitude of the earth is nearly seven times that of Mars. 

$ For 113 : 355 : : 144907630x2 : 910481569 mlles.^e circum- 
ference of the orbit of Mars, and 686 days 23 h. 15 min. 44 sec. 
; 910481569 m : : 1 h. : 55223 miles. 

% In plate IV. Fig. 8, let S represent the sun, E the earth, and M 
Mars ; now as the earth moves quicker in its orbit than Mars, ^e 

?lanet Mars will appear to go backward when the earth passes it« 
*hus, when the earth is at E, Mars will appear among the fixed 
stars at m; but as the Earth passes from E to e. Mars will appear 
t^ 1^ from 7ti to n, though he is in reality travelling the same way 
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f^l* 09 TSS ]f£W 7LAVBTI, CSEES^ MAUAM^ JVVOy 

AND VBSTA* 

I. On the 1 St of January 1801, M. Piazil, Astro- 
liamer Koyalat Palermo, in the island of Sicity, discovr 
ered a new planet between the orbits of MafTs and 
Jupiter, getierally called Ceres Ferdiuax^dia, from the 
^land in which it was discovered, and FerdiDs^nd 
JV. King of the Two Sicilies, The elements of the 
theory of this planet are at present tery inrperfectty 
known : it appears Kke a star of the eighth magnitude ; 
consequently, it is invisibte to the naked eye. Its dis- 
tance from the siin is said to be about 2| times^ that of 
the earth, and its periodical resolution nearly four year$ 
and eight mondis. This planet, called by some astron- 
omers an asteroid, is not confined within the ancient 
limits of the 2^diac« Its (fiametery according to Dr. 
${ersGhel, is about 162 miles. 

' IL On the 28th of March 1802, Dr. Olbers of Bre- 
men, while examining some of the sUirs near the newly 
<lisc6vered planet, Ceres Ferdiaandia, perceived a star 
of the seventh magnitude, situated near the northern 
wing of the constellation Virgo, which had t^ie appear- 
ance of a planet. •? By continuing his observations, he 
soon discovered it to be a n^w planet, to which be gave 
the name of ^allas. ' As the dieory of the various phe- 
nomena of this planet is less known even than that of 
Ceres Ferdinandia, the accounts of its magnitude, dis- 
tance, and the time of its periodical revolution roiind 
the sun, must be very imperfect. Its distance from the 
sun, and the time of its revolution, are stated to be 
nearly the same as those of Ceres Ferdinandia, and its 
diameter about 95 miles. 
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as the earth from M to O. The place ni» where Mars is seen from 
the eartli among the fixed stars, is cidled his' Geocentric place, 
but the place P, where he yould he seen from the sun,^ is called 
hU Heliocentric place, and the arph m P> which is the differ- 
ence between his apparent and true place, |s called the Parallaie 
of the earth's annuaf orbit Now as this angle may be deter-? 
mined from observation, and is knows to be about 41'* ; in the 
right angled triangle SEM» we have given S£3s23S82^v8emi-dt<* 
ameters, the distance of the earth from the sun, the angle SMEV 
measured by the arch m P=:41®, to finft S]Vf=:36403^9 semi-dii^ 
meters of the earth, the distance of Mars from the sun. 
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III. 0n ^e llrst of September, 1804, Mr. Burding; 
t)f Lilieatbal in the duchy of Bremen, discovered the 
{ilanet Juno. It appears like a star of the isighth mag^ 
nitude. The Planets or Asteroids, Ceres, iPiUas, and 
Juno, are all ^ nearly at equal distances from the si^n^' 
that it is not yet decided with certainty, which of die 
three is the nearest, or the most remote. 

IV. On the ^h of March, ISOT, at 21 m« past 8, 
inean tiim^. Dr. Olbers discovered a fourth new planet^ 
^aUed Vesta ; its right ascension, at that time was 184^ 
8' and its declination 1 1^ 4f7' N. It is apparently about 
the same distance from the sun as the three already 
inentioAed* In size it appears like a star of the fifdi 
magnitude. 

yiU OF JVI^ITEE 21 i AHD HIS SAtELLlTEf, 

Jupiter is the largest of all the planets, and, notwith* 
standing his great distance from the sun and the earth; 
be appears to the naked eye almost as larger as Venus; 
though his Ught is something less brilliant. Jupiter 
i^hen in opposition to the sun (that is, when he comea 
to the meridian at midnight, or ri^es when the sun 
dets, and sets when the sun rises},' is mu<^h nearer to' 
the earth than he is a litde before and after his con* 
junction with the sun ; hence, at the time of op^sition^ 
he appears larger and more himmfous thafn at other times; 
when the longitude of Jupiter is less than that of the 
sun,* he will be a morning star, and appear in the east 
before the sun rises ; but*, when his longitude is greatet 
than the sun's longitude, he Will be an evening star^ 
s&id appear in the west after the sun sets. Jupiter re-'' 
volves on his axis in 9 hours S^ minutes, which is the 
length of his day ; but as his axis is nearly perpendicu<* 
far to the plane of his orbit, he has no diversity of sea- 
sons. Jupiter is surrounded by faint substances, called 
2ones or belts ; which from their frequent change vX 
number and situation, are generally supposed to con- 
sist of clouds(. One or more dark spots frequently ap-^ 
l^ar between the belts ; and when a belt disappears, the 
tontiguous spots* disappeai^ likewise. The time of the 
rotation of the different spots is variable, being less by 
six minutes near the equater than near the poles* Dr. 
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Herschel has determined, that not only the timei^ of 
rotation of the different spots vary, but that the time of 
rotation of the same spot (between the 25th of February, 
1778, and the 12th of April) varied from 9 hours 55 
minutes 20 seconds, to 9 hours 51 minutes 35 seconds. 

The inclination of the orbit of Jupiter to the plane of 
the ecliptic is 1^ 18' 56^' ; the place of his ascending node 
about 8 degrees in Cancer ;* and he performs his revo- v 
lution round the sun in 4330 days 14 h. 27min. 11 sec* 
moving at the rate of 29894 miles per hour, his mean 
distance from the sun being 49^99108 miles.f Jupi-^ 
ter at his mean distance from the earth, at the time of 
opposition^ subtends an angle of 46" ; hence, his r^al 
diameter is 89069 miles 4 ^^^ his magnitude 140O 
times that of the earth* 1 The light and heat which 
Jupiter receives from the sun are about ^^^ of the light 
aCnd heat which the earth receives.^ 

On account of the great magnitude of Jupiter, and 
his quick revolution on hi3 axis, he is considerably more 
flatted at the poles than the earth is. The ratio between 



* The place of Jupiter's ascending node for the beginning of the 
jrear 1750 was 7^ 55^ Z2" in Cancer^ and its variation in 100 yean 
IS 59' 30": Vinc^t Attronotny. 

f For, 4330 days 14 hours 27 min. 11 8ec.sa374164031 seconds^ 
the square of which is 139998722094168961, this divided by 99^39 
704797184, the square of the seconds in a year (see the note page 
127) gives 140 5835913, the cube root|of which is 5.1997, the relative 
distance of Jupiter from the sun. Hence, 23882«84x5.1997ssl2il 
83.603148 distance of Jupiter from the sun in semi-diameters of the 
earth ; and 124183.603148x3982=494499107.7 miles, the mean 
distance of f upiter from the sun. 

Now (by the note page 129) 113 r 355 : : 494499107.7x2 : 3107O 
29791 miles, the circumference of the orbit of Jupiter, and 4330 d. 
14h.27m. Itsec. : 3107029791 : : Ih. : 29894 miles. 

* 494499108—95101468 miles, the distance of the earth from the 
sun s= 399397640 distance of the earth from Jupiter. Now, by the 
rule of tliree, inversely, 399397640 : 46" : : 95101468 : 193" .1862, 
the apparent diameter of Jupiter at a distance from the earth equal 
to that of the sun. Hence (as in the note page 128) 32' 2'' : 886149 
: : 193".1862 : 89069.5 miles, the diameter of Jupiter. 

fi For, if the cube of the diameter of Jupiter be divided by the 
cube of the diameter of the earth, the quotient will be 1398.9 sa 
140Q nearly. 

§ If the square of. the mean distance of Jupiter from the sun be 
divided by the square of the mean distance of tlie earth from the 
^un, the quotient will be 27* 
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his polar and equatorial diameters has been differently 
stated by different astronomers : Dr. Pound makes it 
as 12 to 13 ; Mr. Short as 13 to 14 ; Dn Bradley as 
12^ to 13| ; and Sir Isaac Newton (by theoiy) as 9^ 
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Of the Satellites of Jupitef. 



Jupitef is attended by four satellites, or mooHs, each 
of which revolves round him in a manner similar to 
that of the moon round the earth. The times of theit 
periodical revolutions round Jupiter, and their respec* 
tive distances fi'om his centre, are given in the following 
table ;* 



Satellites. 


Periodical rev6lation 


Distance ti-om 
Jupiter in semi- 
diameters. 


Distance from 
Jupiter in Kng- 
hsh tniles. 




d. l]i. m. sec. 






I. 


1 . 18 . 2r . 33 


5.6r 


252511 


II. 


3 . 13 . 13 • 42 


9.00 


400810 


III. 


7 . 3 . 42 . 33 


14.38 


640406 


IV. 


16 . 16 . 32 . 18 


25.30 


1126723 



The satellites of Jupiter are invisible to the naked 
eye : they were first discovered by Galileo, the inven* 
ter of telescopes, in the year 1610. This wa» an im- 
portant discovery ; for, as these satellites revolve round 
Jupiter in the same direction in which Jupiter revolves 
round the sun, they aref requently eclipsed by his shad- 



* The second and third columns in the above table, are copied 
itom M. de la Laude, and the fourth is found by multiplying the 
numbers in the third column by 44534*5, being- the half of 89069, 
the diameter of Jupiter The distaaces of the satellites from the 
centre of Jupiter may be found at the time of their greatest elon- 
gations, by measui'ing their distances from the centre of Jupiter, 
and also the diameter of Jupiter, with a micrometer. Then say, 
as the apparent diameter of Jupiter (by the micrometer) is to his 
real diameter, so is the apparent distance of the satellite to its real 
distance. Or, having determined the periodical times of the satel- 
lites, and the distance of one of them from the sun, the distan^tt 
of aU the rest may be found by Kepler's rule, as in page 12? 

U 
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0W9 and afford an excellent method of finding the trtle 
longitudes of places on the land* To these eclipses we 
likewise owe the discovery of the progressive motio^ 
of light ; and hence the aberration of the fixed stars* 

The satellites of Jupiter do not revolve round him iii 
the same plane, neither are their nodes in the same 
place. These satellites appear of different magnitudes 
and brightness ; the fourth generally appears the small- 
est, but sometimes the largest, and the apparent di- 
ameter of its shadow on Jupiter is sometimes greater 
than the satellite. M. Cassini and IVf n Pound suppo- 
sed thsit the satellites of Jupiter revolved on their axes ; 
and Dr. Herschel has discovered that they revolve 
about their axes in the time in which they respectively 
tevolve about Jupiter. 

The first satellite is the most important of the four, 
Irom its numerous eclipses. The time of the eclipses 
of the satellites of Jupiter afe calculated for the meri- 
dian of Greenwich, and inserted in the third page of the 
Kautical Almanac for every month, and their config- 
iiration or appearances with respect to Jupiter are in- 
fterted in page 12. As the earth turns on its axis from 
i^est to east at the rate of 15 degrees in an hour, or one 
degree in four minutes of time, a person one degree 
westward of Greenwich will observe the emersion or 
immersion of any one of the satellites of Jupiter four 
minutes later than the time mentioned in the Nautical 
Almanac ; and, if he be one degree eastward of Green- 
wich, the eclipse will happen four minutes sooner at 
hig place of observation than at Greenwich. These 
eclipses must be observed with a good telescope and a 
pendulum clock which beats seconds or half seconds. 

The configuration of the satellites of Jupiter at teH 
o'clock at night, in the year 1796, are given in the Nau- 
tical Almanac as in the following page ; an explanation 
of which will render the 12th page of that work intelli- 
gible to a young student for any other year and month;^ 
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On the first day of the month, given above, the sec- 
ond satellite is eclipsed at ten at night ; the first and 
fourth satellites are on the left hand of Jupiter, and the 
third satellite on the right hand* When a satellite has 
north latitude, that is, when it is above the orbit of 
Jupiter, it is marked with a point on the left hand, as 
•4 ; when the satellites have south latitude, or when 
they are below the orbit ol Jupiter, they are marked 
with a point on the right hand, as 1. 3. 

On the isecond day of the month at the same hour, 
the second and fourth satellites are on the left hand of 
Jupiter, and in north latitude ; and the first and third 
^e on the right hand, in south latitude* 

On the fifth day, the first satellite will appear like 
a bright spot on the disc of Jupiter ; the second and 
third will be on the left hand, in south latitude ; and 
the fourth on the right hand, in north latitude. 

On the seventh day, the four satellites will appear in 
a straight lin^, and ail in north latitude ; the first, sec- 
jpnd, and fourth, will be on the right hand of Jupiter, 
and the third on the left. 

On the twelfth day, the second and fourth satellites 
will be in conjunction, or appear as one ; the first will 
be in north latitude, and the third in south latitude* 
Only three of the satellites will be visible, and all of 
them on the left hand of Jupiter. 

By observations on the satellites of Jupiter the pro- 
gressive motion of light was discovered ; for ii has 
keen found by repeated experiments, that, when the 
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earth 18 exactly between Jupiter and the sun, the ecUps* 
es of Jupiter's satellites are seen 8| minutes sooner 
than the time predicted by calculating from astronom- 
ical tables, truly constructed ; and when the earth is 
nearly in the opposite point of its orbit, these eclipae$ 
)iappen about %\ minutes later than the time predicted ; 
hence it is inferred^ that light takes up about 16|^ min^ 
utes of time to pass over a space equal to the diameter 
pf the earth's annual orbit, which is 190 millions of 
miles, or double the dist*ance of the earth from the sun ; 
lor if -the effects of light were instant^meous, the eclip- 
ses t>f the satellites would, in all situations of the earth 
in its orbit, happen exactly at the time predicted hj 
calculation. -4 

VIII- OF SATURN h , HIS SATE^-LITES, AND RINO^ 

Satiun shines with a pale feeble light, being the far-* 
thest from the sun of any pf the planets that are visible 
without a telescope. This planet when viewed through 
a good telescope, always engages the attention of the 
young astronomer by the singularity of its appearance. It 
is surrounded by an interior and exterior ring, beyond 
which are seven satellites or moons, all, except one, in. 
the same plane with the rings. These rings and satellites 
are all opaque and dense bodies, like that of Saturn, and 
shine only by the light which they receive from the 
sun. The disc of Saturn is likewise crossed by obscure 
zones or belts, like those of Jupiter, which vary in 
their figure according to the direction of the rings. 
Saturn performs his, re volution round the sun in 10759 
days 1 hour 51 minutes 11 seconds; hence his mean 
distance froni the sim is 907089032 miles ;* and his 
progressive motion ixihis orbit is 22072 miles per hour. 
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• For 10759d. Ih. 51m Usee ss 929584271 seconds, the square 
of which is 864126916890601441, this divided by 99583970471^7184, 
the fequare of the seconds in a year (see the note page 127) gives 
867.7o6958, the cube root of which is 9 538 i 18, the relative distance 
pf Saturn from the sim , Hence, 23882 84 X 9.538118 = 227797 
.34609512, distance of Saturn from the sun in semi-diameters of the 
earth, and 227797- 34609512 X 3982 «= 90708903215 miles, the 
mean distance of Satnm from the sun. As 113 : 355 : 9070890J2 
K 2 : 5699408962.1238 miles, circumference of the orbit of Saturp. 
Then, As 10759 d. 1 h. 51 m. 12 sec. : 5699408962 miles : ; Ih. : 
;22072 miles which ^aturp moves per ho^ur in hi$ orbit. 
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The inclination of the orbit of Saturn to the plane of 
the ecliptic is said to be 2^ 29' 50", and the place of his 
ascending node about 21 degrees in Cancer."^ 

Saturn, at his mean distance from the earth, sub* 
tends an angle of 20" , hence, his real diameter is 7B730\ 
miles, andi his magnitude 966| times that of the earth. ^ 
The light and heat which this planet receives from the 
sun is about ^^^ part$ of the light and heat which the 
earth receives. 

According to Dr. Herschet, Saturn revolves on his 
axis from west to east in lO hours 16 min* 2 sejc. and 
this axis is perpendicular to the plane of his ring* VThe 
equatorial diameter of Saturn, viz. the diameter in the 
direction of the ring, is to the polar diameter, viz. the 
axis, as 11 to 10. 

Of the Satellites of Saturn, 

Saturn is attended by seven moons : the fourth was 
discovered by Huygens, a Dutch mathematician, in the 
year 1655. The first, second, third, and fifth, were 
discovered at different times, between the years 1671 
and 1685, by Cassini, a celebrated Italian astronomer* 
The sixth and seventh satellites were discovered by 
Pr. Herscbel in the years 1787 and 178v;. The two 
satellites discovered by Dr. Herschel are nearer to Sa- 
turn than the other five, and therefore should be called 
th^ first and seconll ; but to distinguish them from the 
other satellites, and to prevent confusion in referring 
to former observations, they are called the sixth and 
seventh satellites. The seventh satellite, which is 

i | y ' I I 1. I . ■ . M ■ „ - 

♦ The place of -Saturn's ascending- node for the beg-inning- of the 
year 1750 was 21** 32' 22" in Cancer, and its variation in 100 year* 
lA 55' 30". Vince's Astronomy. 

■f 90r089032— 95101468 miles, the distance of the earth from the 
sun, =: 811987564 miles, distance of the earth from Jupiter. Now, 
inversely, 811987564 : 20" : : 95101468 : 170" 762, the apparent 
diameter *of Saturn at a distance fi*om the earth equal to that of the 
sun { (by the note page 128) 32' 2" ; 886149 : ; 170" 762 : 78730 
jniles, the diameter of Saturn. 

i Found by dividing the cube of the diameter of Saturn by the 
cube of the diameter of the ^arth. 

$ Found by dividing the square of the mean distance of Saturn 
from the sun by die square of the earth's mean distance from th^ 
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nearest to Saturn, was discovered a short time after the 
sixth. In the following table, the satellites are arrang- 
ed according to their respective distances from Saturn, 
mnd'the Roman figures in the left hand column shew the 
number oj/the satellite. The figures between the pa- 
rentheses shew the order in which they ought to be 
numbered. 



Satellites. 


VII. 


0) 


VI. 


(2) 


I. 


(3) 


II. 


(4) 


III. 


(0 


IV. 


(6) 


V. 


ir) 



Periodical resolution 



Distance from] Distance font 
Sa.um in semi-ISatum in Bng- 
diameters. lUsh miles 




111534 
139964 
X722I22 
2l650r 
314920 

rossTo 

21257;0 



The first, second, third, and fourth satellites, as well 
as the sixth and seventh, are all nearly in the same plane 
with Saturn's ring, and are inclined to the orbitof Sa- 
turn in an angle of about oO degrees; but the orbit of 
the fifth satellite is said to make an angle of 15 degrees 
with the plane of Saturn's ring.* Sir Isaac Newton 
conjectured"*^ that the fifth satellite of Satuni, revolved 
round its axis in the same time th^t it revolved about 
Saturn ; and the truth of his opinion has been verified 
by the observations of Dr. Herschel. 

Of SaturrHs Ring. 

The ring of Saturn is a thin, broad, and opaque cir- 
cular arch, surrounding the body of the planet without 
touching it, like the wooden horizon of an artificial 
globe. If the equator of the artificial globe be made 
to coincide with the horizon, and the globe be turned 
on its axis from west to east, its motion will represent 
that of Saturn on its axis, and the wooden horizon will 
represent the ringt especially if it be supposed 9 little 
more distant from the globe. The ring of Saturn was 



■»—•«- 



H^Mh 



• Principia, Book III. Prop xvii. 
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fii"st discovered by Huygens ; and when viewed through 
a good telescope, appears double. Dr. Herschel says,^ 
that Saturn is encompassed by two concentric ringa, of 
the following dimensions. 

Miles. 
Inner diameter of the smaller ring - . - 146345 
Outside diameter of ditto - - - * 184393 
Inner diameter of Ae larger ring - - 1 90248 
Outside diameter'of ditto - - - 204883 
Breadth of the inner ring - - - 20000 

Breadth of the outer ring . - . 7200 

Breadth pf the vacant space, or dark zone be- 
tween the rings , - - - - - 2839 

The ring of Saturn revolves round the axis of Saturn^ 
and in a plane coincident with the plane of his equator^ 
in iO hours 32 min. 15.4 sec. The ring being a circle, 
appears elliptical, from its oblique position ; and it ap* 
pears must open when Saturn's longitude is about 2 
signs 17 degrees, or 8 signs . 7 degrees. There have 
been various conjectures relative to the nature and pro* 
perties of this ring. 

IX. OF THE GEORGIUH SIDU8, OR HERSCHEL ¥, AND* 

ITS SATELLITES. 

The Georgian is the remotest of all the known plan- 
c^ belonging to the solar system ; it was discovered at ^ 
BathT>y Dr. Herschel on the 1 3th of March 1781. This 
planet is called by the English the Georgium Sidus, or 
Georgian, a name by which it is distinguished in the 
Nautical Almanac. It is frequently called by foreign* 
ers Herschel, in honour of the discoverer. The royal 
academy of Prussia, and some others, c^ it Ouranus, 
because the other planets are namecl£||tf such heathen 
deities as were relatives : thus, 0:ixnpf was the father 
of Saturn, Saturn the father 6f Jii|»TOT, Jupiter the fa- 
ther of Mars, &c. This planet, when viewed through 
a telescope of a small magnifying power, appears like 
a star of between the 6th and 7th magnitude. In a 
very fine clear night, in the, absence of the moon, it 
may be perceived, by a good eye, without a telescope. 
Though the Georgium Sidu3 was not known to be a 
planet till the time of Dr. Herschel, yet astronomers 
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generally believe that it has been seen long before his 
time, and considered as a fixed star.^ 

In so recent a discovery of a planet at such an ivckf 
mense distance, the theory of its jnagnitude, motion, 
&c. must be in some degree imperfect. Its periodical 
revolution round the sun is said to be performed in 
304^5| days, or upwards of 83 years : the ratio of its 
diameter to that of the earth, is as 4.32 to 1; conse- 
quently its magnitude is upwards of eighty times that 
of the earth. If the periodical revolution of the Geor- 
gian, as above, be truly ascertained its distance front 
the sun may be determined by Kepler's rule, as for the 
other planets. 

The Georgian .planet is attended by six satellites ; 
their periodical revolutions and times of discovery dr6 
as follow : 

d. h. m. s. 

I. or4iearest,revoIve6in5 21 25 O, discoverMinl798* 

II. - - 8 ir 1 19, discbver'diniysr. 

III. - - 10 23 4 O, discovered iff 1798. 

IV. -^ - 13 Jl 5 ll^discover'dinirsr.' 

V. - - 38 1 49 O, discovered ittJ 798* 

VI. - . 107 16 40 0, discovered in 1 79d- 

All these satellites were discovered by Dr. Herschel; 
their orbits are said to be nearly perpendicular to the 
ecliptic, and, what is more singular, they perform their 
revolutions round the Georgiai^ planet in a retrograde 
order, viz. contrary to the order of the signs. 



• Accordinff to F. de Zach*s account of this planet, in the Me- 
moirs of thejlrussers j^cademy, ir85» there was then ki the library 
of the Princ€^lf,.yr-nge, four observations of this planet considered 
as a star, in aea||beue of observations written by Tycho Brahe : 
but, as Tycho wfl^K^pquainted with the use of telescopes, some 
writers contend tha^p|'^i[;^||)id not see it ; while others maintaSn 
that, as he has mark^TstanFwluch are not greater than this planet, 
he might cert^uily have seen it. 
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CHAPTER 11. 

On the Nature of Comets ; the Elongations^ Stationary 
and Retrograde Appearances of the Planets ; of the 
Fixed Stars ; and the Eclipses of the Sun (md Moon* 

I. ON COMETS, • 

Though the primary planets already described) and 
their satellites, are considered as the whole of the reg* 
i^lar bodies which form the sol^r system, yet that sys- 
tem is sometiqcies visite4 by other bodies, called com- 
ets, which are supposed to move round th^ sun in 
elliptical orbita. 1 hese are supposed to have the sun 
in one foci, like the planets ; and to b^ so very eccen- 
tric, that the comet becomes invisible when in mat part 
of its orbit which is the farthest from the sun^ It isi 
extremely difficult to determine the elUptip orbit of 4 
comet, with any degree of accuracy, by calculation ; for, 
if the qrb^t be v^ry eccentric, a small error in the ob*^ 
servation will change the computed orbit into a para? 
bola or hyperbola ; and from the thickness and inequality 
qf the atmosphere with which a comet i$ surrounded, 
telescopic observations on them are^ways liable to 
error. Hence, the theory of the orbits, motions, &c. of 
comets, is very imperfect ; and though many volumes 
^ have been written on the subject,*' they are chiefly 
founded on conjecture. " The unes^pected appearance 
of the comet in 1807 fully confirms this ^ss^rtion, and 
will, doubtlesis^ give rise to avariety of new calculations 
and new hypotheses, which, like former onesi, for want 
of sufficient data.,4J^iU disappointed^ e^ectations of 
succeeding astronomers. The comRjIi^Su' Isaac New- 
ton f observes, are copipapt, solid, an4,cBir^ble bodies^ 



• The latest vrritings on the subject of comets ar© M. Pingre'Sr 
Cpmetographie, in 2 vols, 4to, and sir Henry Englefield's work, 
eniitledy " On die Determination of the Orbits of Cometh ** A well 
"Wi'itten article on Comets may be seen in Dr. Rees New Cyclopedia^ 
together with the elements of ninety- seven of them, and the names 
of the authors who have calculated their orbits. 

t Many interesting particulars respecting the nature of comet?^ 
&c.may be learned by referring to the latter end of th^ third bOQ^ 
qf > ewton*s Prinpipia. 
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or a kind of planets which aiove in very oblique and 
eccentric orbits every way with the greatest freedom^ 
and preserve their motions for an exceeding long time^ 
even where contrary to the course of die planets. 
Their tail is a very thin and slender vapoiu*, emitted by 
the head or nucleus of the comet, ignited or heated by 
the su9« 

II. or THE ELOKGATieNg, ScC. O^i* THE INTERIOR 

PLANETS. 

Let T E e (Plate IV. Fig. 8,) represent the orbit 
pf the earth ; a w v x f g h the orbit of an interior 
planet, as Mercury or Venus, and S the sun. 

Let T represent the earth, S the sun, and a Venus 
at the time of her inferior conjunction ; at this time 
she will disappear, like the new moon, because her dar^ 
side will be turned towards the earth. While Venus 
moves from a towards w she appears to the westward 
of the sun, and becomes gradually more and more en- 
lightened (haying all the different phases of the moon.) 
When she arrives at v, her greatest elongation, she 
appears half enlightened, like the moon in her first 
quarter, at this time she shines very bright. From her 
inferior to her superior conjunction, viz. from her 
situation in that part of her orbit which is directly be- 
tween the earth and the sun as ^t <2, to her situation in 
ihat part of her orbit in which the sun is between her 
and the earth ; she rises before the sun in the morning, 
and is called a morning star. From her superior to 
her inferior conjunction she shines in the evening, after 
the sun sets, and is then called an evening star. 

From the greatest elongation of Venus when west- 
ward of the sun as at v, to her greatest elongation when 
eastward of the sun, as at g^ she will appear to gp for- 
ward in her orbit, and describe the arch V W H G 
amongst the fixed stars ; but from gtov she will appear 
retrograde,'*!^ or return to the point V in the heavens in 
the order G P W V. For when Venus is at^i she will 
be seen amongst the fixed stars at H, and when at g she 

■-■ I II Ml I I f ■ I I I 11 II !■ 

* The stationary and retrograde appearances pf the inferior plan- 
ets, are neatly illustrated by a small orreryi made «ad sold by Messrs. 
Wm. and S. JoneSf No. 30» Holbom. 



l^ni lippear at G : when she arrives at h she will again 
appear at H in the heavens. Hence, in a considerable 
part of her orbit between y* and A, and between w and x^ 
she will appear nearly in the same point amongst the 
' fixed stars, and at these timeS) is said to be stationary^ 

When a planet appears to move from the neighbour- 
hood of any fixed stars, towards others which lie to the 
eastwsoxl, its motion is said to be direct ; when it pro^ 
ceeds towards the ^tars which lie to the west, its motion 
is retrograde ;, and when it seems not to alter its position 
umongst the fixed stars, it is said to be stationary* 

If the earth stood still at T> the planet Venus wbtdii 
seem to make equal vibrations from the sun each way, 
forming the equal angles j^ T S and o TS,each 47^ 48', 
her greatest elongation, and the stationary points would 
Silways be In the same place in the heavens ; but it must 
be remembered that, while Venus is proceeding in her 
orbit from a towards x^ the earth is going forward from 
T towards £ ; hence, the stationary points, and places of 
tonjunction and opposition, vary in every revolution. 

What has been observed with respect to Venus, may 
be applied with a little variation to Mercury. 

III. OF THE STATIONARY AND RETROGHADE AI^I^EAR* 
AKGE8 OF THE EXTERIOR PLANETS* 

Because the earth^s orbit is contained within the orbit 
of Mars, Jupiter, 8cc. they are seen in all sides of the 
heavens, and are as often in opposition to the sun as in 
conjunction with him. Let the circle in which T.is 
situated (Plate IV. ^Fig. 8.) represent the orbit of the 
earth, and that in whichM is situat^ the orbit of Mars* 
Now, if the earth be at T when Mars is at M, Mars 
and the sun will be in conjunction, but if the earth be at 
t when Mars is at M, they will be in opposition, viz* 
the sun will appear in the east when Mars is in the 
west* If the earth stood still at T, the motion of the 
planet Mars would always appear direct ; but the 
motion of the earth being more rapid than that of Mars, 
he will be overtaken and passed by the earth. Hence, 
Mars will have two stationary and one retrograde ap- 
pearance. Suppose the earth to be at E when Mars is 
at M, he will be seen in the heavens amQt^g the fixed 
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Stars 9Xm;- and for sometime before the earth has anfy-^ 
ed at £, and afci^r it has passed £, he will appear nearly 
in the sjime point i% viz. he will be stationary. While 
the earth moves through the pari E ^e of its orbit, if 
Mars stood still at M, he would appear to move in a 
retrograde direc^tion through the arch m P rn, in the 
heavens, and would again be stationary at n; but if 
during the time the earth moves from £ to e, Marf 
moves from iVI to 0» the arch of retrogradation would 
be neaiiy mfr. 

The same manner of reasoning may be applied tOt 
Jg.piter and all the superior planets* 

IV. OF THE FJXEO STARS. 

I 

The division of the stars into constellations^ the 
marks by which they are distinguished, ^c. have al- 
ready been given among the definitions, from page 22 
to 35. 

. 1 . The Motion of thejixedStars.-^AM the fixed stars 
except the p<^ar star, appear to have a diurnal moftioa. 
from ea$t to west : this arises from the diurnal motion 
of the earth on its axis from west to east. The fixed 
stars have also a small apparent motion about their 
real places^ arising from • the velocity of die ^irdi in its 
Qf-bit, combined with the motion of light. This motion 
is called the aberration of the fixed stars, and was dis* 
covered by Dr. Bradley. They vary in their situations 
by tlie precession of the equinoxes ; hence, their longi* 
tudes, &c. vary considerably in a series of years, which 
renders it necessary to have new plates* engraven for 
our celestial globes a| least once in about fifty years. 

Dr. Maskelyne observes, f that many, if not all the 
fixed stars, have small motions among themselves, 
which are called their proper motions ; the cause and 
laws of which are hid| for the present, in almost equal 
obscurity. By comparing his observations with others, 
he found the annual proper motion of the following 
stars, in right siscension, to be, of Sirius, c/'.63 ; of 



• Before the publication of Gary's Globus and Bardin's New Brit- 
ish Globes, there had been no new plates engraven smce the time 
of Senex. 

t Explanation of the tables^vol. 1. of his Observations. 



€4stor^ tf'.28 ; of Procyon, C/'.8 ; of Folk^ 0^'.95 1 
^f Kegulus, 0"« 41 ; of Arcturu6, l" A } of «» Aquilse^ 
-f- C/' .57 ; and Sirius increased in north polso* distance 
-f l".2a; Arcturus +2" .01. 

2. Of the MagniUules^ Distance^ Number^ and Appear^ 
ance of the fixed Stars — I'he magnitude of the fixed 
fttars will probably for ever remain unknown ; all that 
we can have any reason to expect, is a mere approxi- 
mation founded on conjecture. From a comparison 
of the light afforded by a fixed star, and that of the sun^ 
k has been concluded that the magnitudes of the star^ 
do not differ materially from that of the sun. The dif* 
£erent apparent magnitudes of the stars is supposed to 
arise from their different distances ; for the young as^ 
tronomer must not imagine that all the fixed stars are 
placed in a concave hemisphere, as they appear in the 
lieavensy or on a convex surface, as they are represented 
on a celestial globe. 

From a series of accurate observations by Dr« Brad« 
ley on y Draoonis he inferred that its annual parallax 
did not amount to a single second ; that is, the diameter 
of the earth^s annual orbit, which is not less than 190 
millions of miles, would not form an angle at this star 
of one second in m^pitude ; or. that it appeared in the 
same point of the heavens during the earth's annual 
course round the 8un« 

The same author calculates the distance of y Draco-^ 
nis from the earth to be 400,000 timesr that of the sun« 
or 38,000,000,000,000 miles ; and the distance of th^ 
nearest fixed star from the earth to be 40,000 times the 
diameter of the earth's orbit, or 7,600,000,000^000 
miles. These distances are so immensely great, that 
it is impossible for the fixed stars to shine by the light 
of the sun reflected from their surfaces : they must, 
therefore, be of the same nature with the sun ; and, like 
him, shine by their own light. 

The number of the fixed stars is almost infinite^ 
though the number which may be seen by the naked 
eye in the whole heavens does not exceed,, and perhaps 
falls short of 3000,* comprehending all the stars from 

* By adding up the numbers of stars in the third coUimn of tJie 
British Catalogue given at pages 23, 24> 25, and 26, the sum will be 
found to be 3442. 
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the first to the sixth magnitude inclusive ; but d goodl 
telescope, directed almost indifferently to any point in 
the heavens, discovers multitudes of stars invisible to 
the naked eye. That bright irregular zone, the milky 
tiray, has been Very carefully examined by Dr. Herschel ; 
who has, in the space of a quarter of an hour, seett 
116000* stars pass through the field of view of a teles- 
cope ol only 15' aperture. 

The fixed stars are the only marks by which astron^ 
•mers are enabled to judge of the course of the move^ 
able ones, because they do not vary their relative situ- 
ations. Thus, in contemplating any number of fixea 
iitars, which to our view rorm a triangle, a four-sided 
figure, or any other, we shall find that they always re* 
tain the same relative situation, and that they have had 
the same situation for some thousands of years, viz. 
from the earliest records of authentic history. But as 
there are few general rules without some excep- 
tions, so this general inference is likewise subject to 
restrictions. Several stars whose situations were for- 
tnerly marked with precision^ are no longer to be found ; 
hew ones have also been discovered, which were un- 
known to the ancients ; while numbers seem gi'adually 
to vanish, and others appear to have a periodical in- 
crease and decrease of magnitude. Dr. Herschel, in 
the Philosophical Transactions for 17B3, has given a 
large collection of stars which were formerly seen, but 
are now lost, together with a catalogue of variable stars^ 
tod of new stars. 

The periodical variation of Algol or /S Persei, is 
about two days 21 hours ; its greatest brightness is of 
the second magnitude, and least of the fourth. It va- 
ries from the second magnitude to the fourth in about 
Q^ hours, and back again in the same time, retaining 
its greatest brighti|ess for the remainder of its period. 

The fixed stars do not appear to be all regularly dis- 
seminated through the heavens, but the greater part of 



• Vince's Astrbnomy.— -This vast multitude of stars, seen and 
numbered in so short a period of time, appears almost incredible, as 
it would reqmre the doctor to count upwards of 12S stars in a 
second. 
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|bem are collected into clusters ; and it reguif es. a larg^ 
magnifying power, with a great quantity oflight, to dis- 
tinguisn separately th^ stars which compose these clus- 
ters. With a small magnifying power, and a small 
(Quantity of light, they only appear as minute whitisK 
spots, like small light qlouds, and thence are calledi 
nebulae. Dr. Herschel has given a catalogue of 2000. 
nebulae, which he has discovered, and is of opinion that 
the starry heavens are replete with these nebulae. Thcv 
largest nebula is the milky way, already noticed at 
page 32. 

From an,attentive examination of the stars with good 
telescopes, many which appear single to the naked eye, 
have been found to consist of two, three, or more stars* 
Pn Herschel by the help of his improved telescopes 
has discovered near 700 such stars. Thus » Herculis, 
i Lyrae, « Geminorum, [y Andromeda, ft Herculis, and' 
inany others, are double stars : v Lyrae, is a triple star ; 
and t Lyrae,' Lyrae, x Orionis, and | Librae, are qua^ 
druple stars.* 

V. ON SOLAR AND J.UNAR ECLIPSES. 

An eclipse of the sun is occasioned by the dark body 
of the moon passing between the earth and the sun, or 
hy the shadow of the moon falling oa the earth at the 
jjlace where the observer is situated ; hence all the 
eclipses of the sun happen at the time of new moon. 
Thus, let S represent the sun (Plate II. Fig. 6.), m the 
moon, between the earth and the£sun, a {1 G 6 a portion 
of the earth's orbit, e and^^two places on the surface of 
the earth. The dark part of the moon's shadow is callr 
ed the umbra, and the light part the penumbra ; now, it 
is evident, that if a spectator he situated in that part of 
the earth where the umbra falls, that is, between e andy^ 
there will be a total eclipse of the sun at that place ; at 
e andy* in the penumbra there will be a partial eclipse ; 
and beyond the penumbra there will be no eclipse. 
As the earth is not always at the same distance from the 
moon, if an eclipse should hs^pen when the earth is so 



Vince's Astronomy, chap* xxiv. 
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far from the moon that the linet F t and Cfctoi^ each 
other before they come to the earth, a spectator situa- 
ted on the earth, in a direct line betiii^een the centres of 
the sun and moon . would see a ring of light round the 
dark body of the moon, called an annular eclipse i when 
this happens there can be no total eclipse any where, 
because the moon's umbra does not reach the earth. 
People situated in the penumbra will perceive a partial 
eclipse. 

- According to M* de Sejour, an eclipse can never be 
annular longer than 12 min* 24 sec. nor total longer 
than 7 min. 58 sec. The duration of an eclipse of the 
Sun can never exceed two hours.* 

As the sun is not deprived of any part of his light 
during a solar eclipse, and the moon^s shadow, in its 
passage over the earth from west to east, only covers a 
small part of the earth's enlightened hemisphere, at 
once, it is evident that an eclipse of the sun may be 
invisible to some of the inhabitants of the earth's en- 
lightened hemisphere, and a partial or total ieclipse majF 
be seen by others at the same moment of time. 

An eclipse of the moon is caused by her entering th^ 
earth^s shadow, and consequently it must hdppen when 
ahe is in opposition to the $un ; that is, at the time of full 
moon, when the earth is between the sun and the moon« 
Let S represent the sun (Plate IL Fig. 6.), EG the 
earth, and m the moon in the earth's umbra, having the 
earth between her and the sun ; DEP and HGP the 
penumbra. Now, the nearer any part of the penumbra 
is to the umbra, the less light it receives from the sun^ 
as is evident from the figure ; and, as the moon enters 
the penumbra before she enters the umbra, she gradu-* 
ally loses her light and appears less brilliant. 

The duration of an eclipse of the moon, from her first 
touching the earth's penumbra to her leaving it, can- 
not exceed 5^ hours. The moon cannot continue in the 
earth's umbra longer than 5| hours in. any eclipse, nei- 
ther can ^he be totally eclipsed for a longer period than 
1| hour.f As the moon is actually deprived of hcB 
light during an eclipse, every inhabitant upon the face 

of the earth who can see the moon will see the eclipse. 

" ' ■ ■ ■ — ■ , I --I,.-— ..— I. I.. 

• Emerson's Astronomy, Sect r. page 347. t lb. page 3 J?. 
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aEKERAX. OBSERVATIONS ON ECLIP8F8* 

If the orbit of the earth and that of the moon wer^ 
Doth in the ^ame plane, there would be an eclipse of 
the sun at every new moon^ and an eclipse of the moon 
ac every full moon But Uie orbit of the moon makes 
an angle of about 5^ degrees with the plane of the orbit 
of the earth, and crosses it in two points called the 
nodes: now, astronomers have calculated that, if the 
moon be less than 17** 21^ from either node, at the time 
of new moon, the sun may be eclipsed ; or if less than 
11° 34' from either node, ait the full moon, the moon 
may be eclipsed ; at all other times there can be no 
eclipse, for the shadow of the moon will fall either above 
or below the earth at the time of new moon : and the 
shadow of the earth will fall either above or below the 
moon at the time of full n^oon. To illustrate this, sup* 
pose the right hand part of the moon's orbit (Plate IL 
Fig. 6.) to be elevated above the plane of the paper,or 
carth^s orbit, it is evident that the earth's shadow, at 
full moon, would fall below the moon j the left hand 
part of the. moon's orbit at the same time would be de- 
pressed below the plane of the paper, and the shadow ot 
the moon, at the time of new moon, would fall below 
the earth. In this case, the moon's nodes would 
be between E and a, and between G and b^ and there 
would be no eclipse, either at the ftdl or new moon : 
but, if the part of the moon's orbit between G and b be 
elevated above the plane of the paper, or earth's orbit ; 
the part between £ and a will be depressed, the line of 
the moon's nodes will then pass through the centre of 
the earth and that of the moon, and an eclipse will 
ensue.* An eclipse of the sun begins on the western 
side of the disc, and ends on the eastern ; and an eclips(§ 
of the- moon begins on the eastern side of her disc, and 
ends on the western. 



* If you draw the figure on card paper, and cut out the moon^ 
her shadow and orbit, so as to turn on the line a £ G ^ &c. the 
above illustration will be rendered more familiar. 
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NUMBER OF ECLIPSES IW A YEAR* 

The average number of eclipses in a year is four, tw^- 
of the sun and two of this moon ; and, as the sun and 
moon are as long below the horizon of any particular 
place as they are above it, the average number of visible 
eclipses in a year is two, one of the sun and one of the 
moon ; the lunar eclipse frequently happens a fortnight 
after the solar on^, or the solar one a fortnight after 
the lunar one. 

The mosft general number of ecRpses^ in any year, is 

four; there are sometimes stx eclipses in a year, but 

there cannot be more than seven^ nor fewer than two* 

The reason will appear, by considering that the sun 
cannot pass both the nodes of the moon^s orbit more 
than once a year, making four eclipses, except he pass 
(me of them in the beginning of the year ; in this case, 
he may pass the same node again a little before the end 
of the year ; because he is about 173* days in passing, 
firotn one node to the other ; therefore he may return ta 
the same node in about 346 days, which is less than a 
year, making six eclipses. As twelve lunations,! or 
354 days from the eclipse in the beginning of the year 
may produce a new moon before the year is ended, 
which (on account of the retrograde motion of the 
moon''s nodes) may fall within the solar limit, it is 
possible for seven eclipses to happen in a year, five of 
the sun and two' of the moon. W hen the moon changes 
in either node, she cannot be near enough to the other 
pode at the time of the next full moon to be eclipsed, 
and in six lunar months afterwards, or about 177 days. 



• The moon's n©de» have a retrogriside motion of about 19^ de- 
f»rees in a year (see page 133) ; therefore the sun will have to move 

(188° =) 170^ degrees from one node to the other. But it 

2 
has been shewn in a preceding^ note (see page 14), tliat the sun*s 
apparent diurnal motion is about 59^ in a day ; hence, 59' : 1 day : s 
170^** : 173 days* 

t'fhat is, 12 times 29 days 12 hours 44 min. 3 sec, or 354 days 8 
iKjurs 48 min. 36 sec. 
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^e will change aear the other node ; in this case^ there 
cannot be more than two eclipses in a year, and both of 
tine sun. 

The ecliptic limits of the sun are greater than those 
of the moon; and hence^ theK will be more soIsht than 
lunar edipseS) in the ratio of 17^ 21' to 11° 34', or nes|r- 
ly of 3 to 2 ; but more lunar than solar eclipses are 
seen at any g^ven place, because a lunar eclipse is visi- 
ble to a whoie hemisphere at once ;^ whereas, a«olar 
eclipse is visible only to a part, as has been observed 
before ; and therefore there is a greater probability of 
6eeinga lunar than a solar eclipse.x 



PART III. 



CONTAINING 



Probktns ptrformed by the Terrestrial end Celestial 

Globes. 



CHAPTER I. 

Problems performed by the Terrestrial Globe, 

FROBX.EM I. 

Tojind the Latitude of any given Place. 

Rule. Bring the given place to that part of the 
brass meridian which is numbered from the equator 
towards the poles ; the degree above the place is the 
latitude. If the place be on the north side of the equa- 
tor, the latitude is north ; if it be on the south side, the 

latitude is south. 

On small globes the latitude 6f a place cannot be found near- 
er than td^boat a quarter of a degree. Bach degree of the brass 
meridian on the largest globes is generally divided into three equal 
parts, each part containing twentv geographical mile9: on such 
globes the latitude may be found to K^ 

Examples. What is the latitude of Edinburgh? 

Answer. 5b** north. 

2. Required the latitude of the following places; 
Amsterdam Florence Philadelphia 

Archangel Gibraltar Quebec 

^ Barcelona Hamburgh Rio Janeiro 



Batavia 
Bencooleu 
Berlin 
Cadiz 
Canton 
Dantzic 
^ Dyontheim 



Ispahan 

"Lausanne 

Lisbon 

Madras 

Madrid 

Naples 

Paris 



Stockholm 

Turin 

Vienna 

Warsaw 

Washington 

Wika 

York 
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3. Find all the places on the globe which have no 
latitude. 

4. What is the greatest latitude a place can have ? 

PROBLEK II. 

To ^nd all those places which have the same latitude as 

any given place* 

Rule. Bring the given place to that part of the brass 

meridian which is numbered from the equator towards 

the poles, and observe its latitude ; turn the globe round, 

and all places passing under the observed latitude are 

those required- 
All places in the same latitude have the aame lengfth of day and 
night and the same seasoni of the year ; though, irom local circum* 
stances, tihey Biay not have the same atmospherical temperature. 
See page 16. 

Examples. 1. What places have the same or nearly 
the same latitude as Madrid ? 

Answer Minorca| Naples, Constantioople, Samarcand, Phila- 
delphia, &c. 

2. What inhabitants of the earth have the same length 
of days as the inhabitants of Edinburgh ? 

3 What places have nearly the same latitude as 
London? 

4. What inhabitants of the earth have the same sea- 
sons of the year as those of Ispahan i 

5. Find all places of the earth which have the long- 
est day the same length as at Port Ko} al in Jamaica* 

FROfiLEM III. 

To find the longitude of any place* 

Rule. Bring the given place to the brass meridian, 
the number of degrees on the equator, reckoning from 
die meridan passing through London to the brass me- 
ridian, is the longitude. If the place lie to the right 
hand of the meridian passing through London, the lon- 
gitude is east ; if to the left hand, the loLtjimde is west. 

On Adams' globes thtre'are two rows of fic^ures above Ibe equa- 
tor. When the place lies to the right hand of tht- mendtan of Lon- 
don, the long'itude must be counted on the upper line , when it lies 
to the !eft hand, it must be counted on the lower line. Bardin's 
New British Globes have also two rows of figures above ♦! e equa- 
tor* bat the lower line is always used in reckoning the longitude. 
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Examples. U What is the longitude of Peteird>UTg I 

Answer. oOi^ east. 

2. What is the longitude of Philadelphia ? 

Answer 75^" west. 

3* Required the longitude of the following places : 

Aberdeen Civita Vecchia Lisbon 

Alexandria Constantinople Madras 

Barbadoes Copenhagen \Masulipatan& 

"^Bombay Drontheim Mecca 

Botany Bay Ephesus Nankin 

Canton Gibraltar Palermo 

_Carlscrona Leghorn ^ Pondicherry 

Cayenne Liv«rpool . Queda 

4* ^ What is the greatest longitude a place caD have I 

PROBLEM IV. 

To Jind all those places that have the^ same hngitudc 

as a given place. 

Rule. Bring the given place to the brass meridian, 
then ail places under the same edge of the meridian 
frwn pole to pole have the sam^ longitude. 

Ail people situated under the same meridian from 66^ 28' nordi 
btii<ide to 66^ 28' south kititudc, have noon at the same time : at^ \£ 
ii be one, two. three, or any number of hours before or after ooon 
with one particular place, it will be the same hour witheveiy other 
place situated under the same meridian. 

Examples. 1 . What places have the same, or nearly 
the same longiCude as Stockholm f 

Answer . Dantzi c, PresbaVg, Tarento, the Cape of Good Hope, &c. 

2. What places have the same longitude as Alex- 
andria ? 

3. When it is ten o'clock in the evening at London, 
what inhabitants of the earth have the sameliour ? 

4. What inhabitants of the earth have midnight 
when the inhabitants of Jamaica have midnight? 

5. What places of the earth have the same, longitude 
as the following places I 

London Quebec The Sandwich islands 

Pekin Dublin Pelew Islands 
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PROBLEM V. 

TojSndthe latitude and longitude of any place. 

^ Rulcn Bring the given place to .that part of the brass 
meridian which is numbered from the equator towards 
the poles ; the degree above the place is the latitude^ 
and the degree on the equator, cut by the bross. meri- 
dian, ift the longitude. 
This problem is only an exercise <rf the first and third 

Examples. 1. What are the latitude and longitude 
of Petersburg ? 

Answer. Latitude 60© N lohgltude 50 J** E.^ 

2. liequired the latitodes and longjitudes of the fol- 
lowing places : 



--Acapulco 


.--Xusco 


Leith 


Aleppo 


Copenhagen 


Lizard 


Algiers 


Durazzo 


Lubec 


Archangel 


Elsinore 


Malacca 


Belfast 


Flushing 


Manilla 


Berg9n 


Cape Guardafui. 


Medina 


Buetios Ayres ^ Hamburgh 


Mexico 


Calcutta 


^ eddo 


Mocha 


-^Candy 


; affa 


Moscow 


Corinth 


Iv:^ 

PROBLEM VI. 


Oporto 

1 



To find any place on the globe having the latitude and 

longitude of that place given. 

Rule. Find the longitude of the given place on the 
equator, and bring it to that part of the brass meridian 
which is numbered from the equator towards the poles , 
then, under the given latitude, on the brass meridian, 
you will find the place required. 

Examples. 1. What place has 151^° east longitude, 
and 34^ south latitude. 

Answer. Botany Bay- 

2. What places have the following latitudes ami lon- 
gitudes ? 
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PROBLElf 8 . PERFORMED ^Y 



Lat'tttdes. 
50^6' N. 

48 12 N. 

$S 58 N. 

52 22 N. 

31 13 N. 
64 34 N. 
34 29 S. 

3 49 S. 
34 35 S. 

32 25 N. 



Longitudes. 
5° 54' W. 
16 16 E 

3 12 W. 

4 51 E. 
29 55 E: 
38 58 E. 
18 23 E. 

102 lO E. 
58 31 VV. 
52 50 E. 



L.'ititudes. 
19^ 26' N. 
59 56 N. 

O 13 S. 
46 55 N. 
n59 21 N. 

8 32 N. 

5 9^. 
22 54 S. 
36 5 N. 
32 38 N. 



Longitudetf. 
lOOP 6' W. 

30 19 E. 

77 55 W: 

69 5a4V. 

18 4 E. 

81 11 £; 
110 49E. 

42 44 W* 
5 22 W. 

17 6W^ 



PROEi:.£M VII, 



To find the difference of latitude between any tx/Lio 

places. 

Rule. Bring one of the places to that half of the brass 
meridian whicn is numbered from the equator towards 
the poles, and mark the degree above it ; then bring the 
other place to the meridian, and the number of degrees 
between it arid the above mark will be the difference oC 
latitude. 

Or, Find the latitudes of both the places (by Prob. I.) 
Then, if the latitudes be both north or both south, sub- 
tract iche less latitude from the greater, and the remain* 
der Will be the difference of latitude : but, if the latitudes 
be one north and the other «outh, add them together, 
and their sum will be the difference of latitude. 

Examples. 1. What i» the difference of latitude be* 
tween Philadelphia and Petersburg ? 

, Answer. 20 degrees 

' 2. What is the difference of latitude between Madrid 
and Buenos Ayers I 

Answer. 75 degrees. 

3* Required the difference of latitude between the 
following places ? 



London and Rome. 
Delhi and Cape Comorin. 
Vera Cruz and Cape Horn. 
Mexico and Botany Bay. 
Astracan and Bombay. 
St. Helena and Manilla.' 
Copenhagen and Toulon. 
Brest and Inverness. 
Cadiz and Sierra Leone. 



Alexandria and the cape of 

Good Hope. 
Pekin ^and Lima. 
St. Salvador and Surinam. 
vVashington and Quebec. 
Porto Bello and the Straits 

of Magellan. ^ 

Trinidad I. and Trincomale 
Bencoolen and Calcutta. 



f 
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4. What two places on the globe have the ^greatest 
difference of latitude \ 



PROBLEM VIII. 

IC0 find the difference of longitude between any two 

places* 

Rule. Bring one of the given places to the brass me* 
Tidian, and mark its longitude on the equator ; then bring 
the other place to the brass meridian, and the number 
of degrees between its longitude and the above mark, 
counted on the equator, the nearest way round the 
^lobe, will show the difference of longitude. 

Or, Find the longitudes of both the places (by Prob* 
III.) then, if the longitudes be both east or both west, 
subtract the less longitude from the greater, and the re- 
mainder will be the difference of longitude : but, if the 
longitudes be one east and the other west, add them tor 
^ether, and their sum will be the difference of longitude* 

When this sum exceeds 180 degrees, take it from 
360, and the remainder will be the difference of lon- 
gitude. 

Examples* 1. What is the difference of longitude be- 
tween Barbadoes and Cape Verd I, 

Answer. 4l«4$' • 

2. What is the difference of longitude between 
Buenos Ayres and the Cape of Good Hope? 

Answer. 76^50', 

3. What is the difference of longitude between 
Botany Bay and OVhy'ee ? 

Answer 52<> 45', or 52|*>. 

4. Required the difference of longitude between the 
following places* 



Vera Cruz and Canton, 
Bergen and Bombay. 
(^ Columbo and Mexico* 
Juan Fcmandes I. apd Ma- 
nilla. 
Pelew I. and Ispahan* 
Boston in America, and 
Berlin. 



Constantinople & Batavia* 
Bermudas I. and I. of 
j.^ Bftodes. 

rort Patrick and Berne. 
Mount Heckla and Mount 

Vesuvius. 
Mount i£tna and Teneriffe. 
North Cape and Gibraltar. 



5. What is the greatest difference of longitude com- 
prehended hctwcen two places ? 

z 



iro yBOBLsvs vntLtcmmj} bt 

a 

PUOBLEM IX. 

Tb Jlnd the (Rstance between any two places. 

Rule. The shortest distance between any two places 
an the earth, is an arch of a great circle contained be- 
tween the two plaees. Therefore, lay the graduated 
edge of the quadrant of altitude over the two places, so 
that the division marked O may be on one of the places^ 
the degi'ees on th« quadrant comprehended between the 
the two places will give dieir distance ; and if these 
degrees be multiplied by 60, the product will give the 
distance in geographical miles ; or multiply the degrees 
by 69^, and the product will give the distance in EngUrii 
miles. 

Or, Take the distance between the two places with 
% pair of compasses, and apply that distance to the 
equator, which wiU shew how many degrees it contains. 

If the (Uitance between the two places should exceed 
the length of the quad^nt, stretch a piec^ of thread 
over the twto plaees, and mark their distance ; the ex- 
tent of thread between these marks^ applied to the 
equator, from the meridian of London, will shew the 
oiimber ^ dq^es between the two places. 

Simple as this problem may appear in theory, on a stiperficial 
view, ''yet, when applied to practice, tht* diffiowties which occur. 
«re Almost mfuperable. In aailn^ across the trackless ocean, or 
travelling through exte»vs*ve and unknown countries, our only guide 
is the compass, and except two places be situated directly north and 
south of each other, or upon the equator, though we may travel or 
sail from one' place to^e other by the cftmpass, yet we cannot ta^e. 
the shortest route, as measured by the quadrant of altitude. 

To illustrate these observations by examples : first. Let two 
.places be situated itt latitude 50> north, and differing in longitude 
48O50', which will marly correspond with the Land's End and the 
eastern coast of NeVfoundland The arch of nearest distance being 
that of a great circle, tnilv calculated by spherical trigonometry, is 

30» 49' 6", equal to 1849-j^y geographical miles, or 2141| Fnglish 
miles: but, if aship«»teef iVom the Land's End directly westward, 
in the latit;(ide of 50* north, till her difference of longitude be 48" 
50', her true distance sailed will be 1883-| geographical miles, or 
SlSil- Knglish miles, making a circuitous course of 34^^ geog'-aphi- 
cal miles, or 4(Vj English miles. Those who are acquainted with 
spherical trigonometry and the principles of navigation, particularly 
great ciuele sailing, know that it is impossible to conduct a ship 
exactly on the arch of a great cii-clei except, as before obsened, on 
tlje equator or the meridian 5 for, in this example, she must be 



V 

steered through all the different angles, from N. 70^ 49^ 36^ W.l» 
90 de^'ees, und continue saiUtig ftom th«fice through att the wmm- 
varieties of angles, till she ar-ive at the intended place, where tht^ 
angle wiKI>ec^/ln^•70'* 49' Su", the same as at first. 



iSecondiy. Suppose it were required to find ti>e shortest distaiic6 

^ 5r N: long 5^ 2/ W and the island 
of Bermudas, lat 32^ 35' N. lonjf. 63® 32' vx . The aixh of a great 



between the Lizard, lat. 49^ 



ca^ttkb contained between the two places, will he found, 1^ splim-icai 
trigonometry, to bf» 45® 44', being 2744 geogrstprtical miles, or 327S 
English miles. See tiie mt-thod of calculating such problems ia 
Keith's Trigonometry, pige 269. Now, for a ^hip to run thi$ 
shortest track, she must sail from the Lizard S. 89® 29^ W. and gra* 
dually lessen her course so as to aiTive at HemudM on the rhumb 
bearing S 49*^47' W.; but this, though true m tiieory, is imprac- 
ticable ; the course and distance must therefore be calculated by 
Mercator's Sailing. Tlie direct course by die compass will be 
found to be S- 68p 9' vV. and the distance upon that course 2800 
geographical miles* or 3243 English miles ; makin^^ a circuitoiu 
course of 5 6 geographical miles, or 65 E.iglish miles. 

Mence, to Jlndthe distance betneen any two place* toh^se latituckM 
and iongitudtA- are hiovm, in order to tn^el or sail from ona place to 
the ether i on a direct course by the marmo'e cotapoes, the JtUlomng 
methods mint be used. 

1 If the places be situated on the same meridian, their differ- 
ence of latitude will be the neai-est distance between theih in de<^ 
grees, and the places will be eipictly north an^^south of each, other. 

2. If the places be situated on the equator, their difference of 
longitude will be the nearv st distance in degrees, and the places 
Tinll be exactly east and west of each other- 

3 If the places d'ffer both in latitudes and longitudes, the dit* 
tance between them and the pgptof th^ compass on which a person 
must sail or travel, |ttm the <me place to the other, must be found 
hy Klercator's Sailing as in navigation 

4, If die places be situated in Uie same latitude, they will he di- . 
rectly east and west of each' other ; and their difference of long!* 
tude. multiplied by the number of miles which make a degree in- 
the given latitude, according to the following Uble> will giva the 
dimice. 
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De^ Oeog 


Eng^lis.i 


Deg'Geog | 


English 


Deg 


C^eog. 


English. 


Lat 



Miies. 


Miles. 


Latj 
31 


Miles. 


Miles . 


L&t 
61 


Miles. 
29 09 


Miles. 


60.00 


69.07 


5143 


59 13 


33 45 


1 


59.99 


69 06 


32 


.50.88 


58 51 


62 


2817 


32 40 


2 


5996 


6903 


33 


5032 


5787 


63 


27.24 


31.33 


3 


69.92 


6897 


34 


49.74 


57.20 


64 


26.3C> 


30 24 


4 


59.85 


68 90 


S5 


49 15 


5651 


65 


'25.36 


2915 


5 


59 77 


6881 


36 


.48 54 


55 81 


66 


24.40 


2806 


6 


5967 


68*fe2 


57 


4792 


3510 


6/ 


23 45 


26 96 


,7 


5955 


68 48 • 


38 


4728 


5437 


68 


22.48 


25 85 


8 


59^ 


6^.31 i 


39 


^663 


53 62 


69 


21.51 


2473 


9 


5926^ 


6815 i 


40 


45.90 


5i2.85 


70 


20.52 


23 60 


10 


59.09 i 67.95 


41 


45 28 


52 07 


71 


19 53 


22 47 


11 


58 89 1 67.73 


42 


44.59 


5127 


72 


18.54 


21.32 


12 


5869 '•■ 67.48 


43 


43.88 


5046 


73 


17 54 


2017 


13 


68.46 


67:.! 


44 


43.16 


49 63 


74 


1654 


19.02 


•14 


5622 


66.95 


45 


42.43 


4878 


75 


[5.53 


17 86 


li 


57 95 


66.65 


46 


41.68 


47.93 


76 


14 52 


16 70 


16 


5767 


66.31 


47 


40.9^ 


47.06 


77 


13 50 


1552 


17 


.-?r38 


65 98 


48 


40 15 


4616- 


78 


1248 


14.35 


18 


57.06 


65.62 


49 


39.36 


45.26 


79 


1145 


13.17 


19 


56.73 


6524 


50 


38.57 


4435 


80 


10 42 


1198 


20 


56.38 


64 84 


51 


3776 


4342 


81 


9 m 


1079 


21 


56.01 


64.40 


52 


36.94 


4i48 


82 


835 


9 59 


22 


5563 


63 97 


.53 


3611 


41.53 


83 


7.31 


841 


23 


55.23 


63 51 


54 


35 27 


4056' 


84 


6.27 


7.n 


24 


64.81 


63.03 


55 


^4.41 


39.58 


85 


'5.22 


60O 


'25 


543a> 


.6253 


56 


33 55 


3858 


86 


' 418 


4 81 


2(5 


5393 


62.02 


57 


32.68 


37.58 


87 


314 


561 


27 


5346 


61.48 


58 


3179 


36.57 


88 


2.09 


241 


28 


5297 


6093 


59 


30 90 


35.54 


89 


105 


i..;i 


29 


5248 


603.^ 


60 


3000 


3450 


90 


000 0.00 1 


30 


51.96 


59.75 


Leng 


fth of a degree 6S 07 English mUes [ 



The above table is calculated thus : As radius is to the length of 
a degree upon the equator, so is the co-sine of the giren latitude, to 
the length of a degree in that latitude. See this proportion illu&-> 
trated in Keith's Trigonometry^ page 249. 
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Exampks* A What is the shortest distance between 
the Lizard and the island of BermudaA ? ' 



454 distance in deerees* 



2700 
30 
15 



2745 geographical miles. 



4^1 distance in degrees. 

69J ' 



405 



31791 



EngUsh miles. 
2. What is the shortest distance betwt«iri|gpwl<uid of 
Bermudas and St. Helena f ^ 



73^ distance in degrees. I 
60 



4380 
30 



4410 geographical miles. 



73i distance in degrees. 

69i' 



S6J 
€57 

34J 



51o8J English miles. 

3. What is the shortest distance'between London and 
Botany Bay ? 



154 distance in degrees 
60 



924U geographical miles. 






154 distance in degrees. 
69i 



77 
138^ 
924 



10703 English miles. 



4f What is the direct distance between London and 
Jamaica, in geographical and in English milt s ? 

5. What is the extent of Europe in English miles, 
from Cape Matapan in the Morea^ latitude 36° 3S' N. 
to the North Cape in Lapland, latitude 71° 30' N. i the 
places being situated nearly due north and south. 

6. What is the extent of Africa from Cape Verd, 
lat. 14° 45' N. long- 17° 33' W. to Cape Guardalui, lat. 
1 1° 47' N. long. 5 1° 35' E. ? 

7. What is the extent of south America from Cape 
SBanco in the west to Cape St. Roque in the east? 

8* Suppose the track of a ship to Madras be from the 
Lizard to St. Anthony, one of the Cape Verd tslands, 
thence to St. Helena, thence to the Cape of Good Hope, 
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tbence to the east of the Mouritisa, dience a Ikiie tm 
the south-east of Ceylon, and ihsnce to Madras ; hair 
mai^' J2.nglish miles is the Land^fr J2.nd ffom Madras ? 

PROBLEM X. 

A place being given on the ghbe^ toJindiaUptacea which 
are situated at the' same diatancejrom it a$ any othar 
given place. 

Rule:. Lay the graduated' edge of the quadrant of 
altitude over the two places, so that the division mark- 
ed O, may be on one of the places, then observe wbol 
degree of the quadrant stands over the other place ; 
move the quadrant entirely round, keeping the division 
marked O in its first situation, and all places which pass 
under the same degree which was observed to stand 
over the other place, will be those sought. 

Or, Place one foot of a pair of compasses in one of 

>the given places, and extend the other foot to the other 

given place ; a circle described from the first place as a 

centre, with this extent, will pass through all the plates 

sought. 

If tbe distance between tlie two given places should exceed the 
lengtii uf the quadrant, or the exioptof apair of compasses, stretch 
a piece of ikread over iiie two places, as in the preceding problem. 

Examples. 1. It is required to find all the places on 
the gtobe which are situated at the same distance from 
London as \^*arsaw is? 

Answer, Koninf^sburg, Buda, Posega, Alicant, &c. 

tr. What places are at the same distance from Lon- 
don as Petersburg is I 

3. What places are at the same distance from Lon- 
don as ConGtantinopie is ? 

4. What places are at the same distance from Rome 
as Madrid is .^ ' • 

PAOfiL£M XI. 

Given the latitude of a place and its distance Jrom a given 
place^ to fnd that place whereof the latitude is given* 

Rule. If the distance be given in English or geograph* 
ical miies, turn them into degrees by dividing by k^9\ 
for English miles, or 6o for geographical miles ; then 
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put that part of the graduated edge of the quadrant of 
altitude vrntdi is marked O^ upon the given place, and 
move the other end eastward or westward raccording * 
as the required place lies to the east or west oi the given 
f lace) tiil the degrees of distance cut the given paraUcl 
of latitude ; under the point c^ intersection you will 
find the place sou^iu 

: Or, Having reduced the miles into degrees, take the 
same number of degrees from the eqiuitor with a pair 
of compasses, and with one foot of the compasses in 
the given place, as a centre^ and this extjent ot degrees, 
describe a drcle on the globe ; turn the globe till this 
circle falls under the given latitude in the brass meridian, 
and you will find the place required* 

Examples. 1. A place in latitude 60^ N. is 1320^ 
English miles from London, and it is situated in £• 
longitude ; required the place ? 

Answer Divide 1320^ miles by 69j miles, or, ^hich is the sune 
thin^, 264t4ialf miles by 139 half miles, the quotient "will give 19 
degrees ; hence the required place is Petepftburg". 

2. A place in latitude 32|^.N. is 1350 geographical 

miles from London, and is situated in W. longitude ; 

required the place ? 

Answer. Divide '350 by 60 the quotient is 99P 30'. or 22J dc- 
grrees ; hence the required place is the west point of tlie island of 
• Mftdeirii. 

3. What place, in E. longitude and ^44° N. latitude, 
. is 1529 English miles from London* 

4- What place, in W. longitude and Ib^ N. latitude, 
is 3660 geographical miles from London ? 

PROBLEUr XII. 

Given the longitude of a place and Hs distance from a 
given place^ %find that place -whereof the longitude is 
given* 

Rule. If the distance be given in English or geo- 
graphical miles, turn them into degrees By dividing by 
69 J for English miles, or 60 for geographical miles ; then, 
put that part of the graduated edge of the quadrant of 
altitude which is marked O upon the given place, and 
move the other end northward or southward (accord- 
ing as the required place lies to the north or somh rX 
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&e given place), txil die degrees of distsmce cut the 
given longitude : under the point of intersection you 
will find the place sought. 

Or, Having reduced the miles into degrees, take the 
same number of degrees from the equator with a pair 
of compasses, and with one foot of the compasses in th/e 
given place, as a centre, and this extent of degrees, 
describe a circle en the globe ; bring the given longi* 
tude to the brass meridian, and you' will find the place, 
upon the circle, under the brass meridian. 

£peampks* 1. A place in north latitude, and in 60 
degrees west longitude, is ^'zZ^j\ English miles from 
London ; required the place 'i 

Ans^ver. Div;de 4239^ miies by 69) miles, or^ which is the sai^e 
things 8479 half miles by 139 half miles* the miotient will give 61 
degrees ; hence the required place is the island of Barbadoes. 

2. A place in north latitude, and in 75\ degrees west 
longitude, is 3120 geographical miles from London; 
what place is it ? ^ 

3. A place in 31^ degrees east longitude, and situa- 
ted southward of London, is 22M English miles from 
it ; required the place I 

4. 'A place in 29 degrees east longitude, and situated^ 
southward of London, is 1529 En^ish miles from it> 
required the place ? 



V, 



?lt0JL£M XIII. 



To J!nd how many mile^make a degree oflongtmde in 

any given parallel^ latitude* 

Rule* Lay the quadrant 6f al^tude parallel to the 
equator, between any two meridians in the given lati- 
tude, which differ in longitude 15 degrees ;♦ the num- 
ber of degrees intercepted between them multiplied by 
4, will give the length of a degree in geographical miles* 
The geographical miles may be brought into English 
miles by mokiplying by 1 16, and cutting off two figures 
frOm the right hand of the product. 



* The meridians on Gary's globes are drawn through every ten de- 
g^es. The rule will answer for tliese globes, by reading ten de« 
j(i-ees for 15 degrees, and multiplying by 6 instead of 4. 
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Of, Takei the diBtance between two meridiaos, which 
difTcr in loagitui^e IJ degrees ia the givea parallel of 
lau'.iide, with ap^irof compasses; apply this dUunce 
to the equator, aad observe how many degreeait makes ; 
Vfiih which proceed as above. 

Sincii the qiutdiant of altitude will measure no arch truly biit 
thMofa great circle; und a pafr ofcamiiaaaes will only meusurc 
the chord of an arch, not the arch itself^ it follows, that the pni> 
«Kdin^ rule cannot be tnathctnaticallj true, tliDugh suSrientty 
oarreut for practical purposea. When great exactness is required, 
recourse must be liad to calculation. See the table in the note to 



Problp.m IK page 172- 
'' The tbave rule is founded on a suppoiition thit the number of 
^{p-eea.GOtituned between aiiy two meridians, reckoned on the 
equator, it to the number of degrees contained bctwten tlie auine 
meridians, on any parallel of latitude,' as the number of geograpW- 
cM miles contained in one degree of the equator, ia to the number 
of e^ognphical miles, contained in <H>e degree on the [iven parallel 
of latitude. Thus, in the latitude of Loii<!on, two places which 
^er IS degrees io longitude are 91 degrees distant by the rule. 
Hence, li° : 91» i : 60m : 37 m. j or IS" :60m; ; 9i" : 37 m. but 
15 is to 60 as 1 is to 4, therefore, 1 i 4 ; : 9i = 37 geographieal miles, 
contained in one degi'ce Mnw any numner i^ geographical miles 
may be brought imo English miles bv muliiplying 1^694 andili^id- 
in);by GO; or by multiplying by 1.16, for 6u^69i ■■ ■■ 1 
Examples. 1. How tnany geographical 
hsh miles make a dt:gree in the latitude of I' 
Answer. Tlie- latitude of Fekin is 40" nonli ; thi 
tween two meridians in that latitude (which diHer in 
degrees) is Ilj degrees. Now, 11} degiiMss tnultipU' 
duces 46 geographical miles for tUe lengtticif a degi«eof lorufitude, 
in the latitude,of Pekina and, if 46be multiplied by llo, the pro- > 
duct will be 5336 1 cut off the two right hand tieures. andth'' lengtlt 
of a defree in £ng)ish miles will be 53. Or, by the rule of thi^, 
1S° : 69J!^m. ■.■Hi: 53 miles. 

2. How many mtiea^aake a degree in the parallels 
of latitude wherein the following places are situated ? 
Siu-iaom. Washington. Spitzbergen. 

Sarbadoes. Quebec. Cape Verd. 

Havannah. *Skalholt. Alexandria. 

Bermudas I. . North Cape. Paris. 

PROBLEM XIV. tjt j^ 

Ta jijidthe bearing of one place from another. 
Sule. If both the places be situated on the same par- 
allel of latitude, ^eir bearing ia either east or we;t 
from each other ; if they be situated on the same meri- 
diau, tbey bear north and south from each other ; it 
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they be ditaflted on the same rhumb-Uiie,* tfuvl ftittiribN 
line is their bearing ; if they be not sitiiated on the 
aame rhumb-line, lay the quadrant of altitude over th^ 
two piaceS) and that rhumb-line which is the nearest 
of being parallel to the quadrant will be their bearing* 

Or, If the globe have no rhumb- lines drawn on it, 
make a small mariner's compass (such as Plate I. Fig* 
4b) and s^piy the centre of it to any given place, so that 
the north and south points may coincide with some 
meridian ; the other points will shew the bearings ol 
$fell the circtkmjaeent ptacea, to the distance of upwards 
of a thousand miles, if the centrieal place be not tat' 
dbtant from the equatot. v 

Zxampks* 1- Which way must a ship steer boms 
lim Lizard to the island of Bermudas f 

Answer. W. S. W. 

2. Wfahsb way must a ship steer from the Lizard W 
the island of Madeira ? 

Answer. S. S. W. 

3* Required the bearing between London and th0 
following places I 



Amsterdam* 


Copenhagen. 


Petersburg. 


Athens* 


Dublin. 


Prague* 


Bergen* 


Edinburgh* 


Rome* 


Berlin* 


Lisbon, 


Stockholm* 


Berne* 


Madrid* 


Vienna* 


Brussels* 


Naples* 


Warsaw* 


Buda. 


Paris* 


., 


* 


t^Oh%sZU %v. 





^ ' Tojind the angle of position httween the two pbtcett. 

Rule. Elevate the north or south po^je, according as 
the latitude is north or south, so many degrees above 
l9ie horizon &s are equal to the latitude of one of th^ 
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* On Adsms* g^lobes tliere are two coiiipftss«» drawn on the 
equator^ each pomt of which may be called a rbumb-Une, being 
drawn so as to cut ali the mc^ridians in equal ang'tes. One compadl 
Iftdra^vn on a vacant piace in Uie Pacific ocean* between America- 
a.nd New Holland ; a)i4 another* in a aimilar manner, in the Atlaa* 
tic* between Afnca and South America. There are oorkumb-imeit 
either on Cary'a* or on BJCrdin*s globes. 
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^vcofilMesi bring ihat place to the brass, meridian, 
■ajid screw the quadrani of altitude upon the degree 
over it ; sen move die quadrmt till its graduated edge 
fall upon the other place ; then the number of degrees 
•OD the wooden horizon, between the graduated edge 
of the quadrant and the brass meridian, reckoning to- 
wards the elevated pole, will be the angle (^position 
between the two places. 

lliis ulDpte probkni hw li^en the occaiinn of inanv ditpatea %• 
ieoo^ writet'B on the globes. Same auffOM tba tagU of poiitioa 
to repieaenC the tnw bearing of two 
fl&uCTi, «ii. tfaM potntef thecMBtMM* 
«|iiiii whJcti.BnyperaoD DBugtconsUuit> 
If aajl IK traftiiSroia Che one place la 
tJie other 1 while others cuulend, thftt 
-liM angle of puNtiun between two pla< 
«e8 is very diffeKDt fi'oin ttieir bear- 
iag by the iaariner'9 compass IVe 
shiii ner« ciideBvoiir to set the mat- 
ifcr in a clear point of view. The an- 
4icied figure r^resentB % quarter of 
4be ij^ete, BMceo^apliicalb' pnyect- j 
ipi on U)e pUne ufthe nerioian, with 
■ttlr half meridians and parallela of lat- 
itude drawn ttmogh every ten dc|rree» ; p repreaenta the north 
fiole, and £ Q a portion of the equator. New, by attending tothe 
.nanneFoffintUng: the angle of position, ulud down in the forego- 
ing [ rublem, we shall find, that the quadr«nt of altitude always 
ioriat the base ot a )>pherical triangk, the two aide* o( wliich tri- 
■aiOile AK the' complimusnta of die tutitiidea ot tjie two places, and 
ical angle ^8 their difference q^lw^^de The angles at 



1. VArn Ac tvm placet arnituaKd an the tame peralUUf laHlade. 
X.et two places I, and c be situated in latitude 50° north, and 
dilieriag in longitude 48" 30', wliich will nearly correspond with 
the Land's End and the eastern coaet of Kcwfc^indland (See the 
note to Prob IX ] ; then c P and L P will be eseh 40 degreea. the 
angle tVX,, measured by the nfch u Q^. will be ik," 50 ; irtienoe 
the arch of oeartst distance c nX. mav be timnd (bv rale 4, p. 301, 
Keth's TrignnnmetrjJ being Su'SB' 6", the anirle f L f equal ta 
f c L, the tnan^ being iioacelea, i* 70° 49' 30" : and f b be th« 
middle point between L uid r, the latitude of that point will be 
Jbnndto be 53" arncnh, and the vigles P nL-^ fn > will be 
right angles. Mow, If an indefinite number of points be taken 
■long the edge of the quadrant of altitude, viz cm the arcti L n c, 
(he angle of posilioh between L and each of these pointa will be M. 
■r0^49'30" W.i but,ifit werepossibl. for a ship to aulalngthe 
krcfa L n c by the ciimp.'ua, her latitud- would ^raduxlly tncreue 
between L and R, ^m 5*'>N to52°3r M. i and tlie coutses she 
DMist Steer would vuy from IQ" 49' 30" M L, to 90° at a. In aail- 
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injj^ from n to c, she must decrease her latitttde fh>in S^^7' V, to 
50* N. and her courses muat vary from 90**, op directly west, to 7CP 
49' 3iy* ; but, if a ship were tp e«il along the parallel 0|f latitude L 
■4» Cf. her course would be invariably due west Hence it follows 
that, if two places be situated on the same parallel of latitude, t&e 
'^n^le of position between them catinot represent their true bearing 
-by the manner's compaat. 

' CoRO LLARY. If the two places were situated on the equator as 
atwandQ^y the angle of position between Q.and w, and between 
Q^ and all the intermediate points as at N, w«uld be 90 dejp<ees. 
In this case therefore, and in this only, the angte of pontion shews 
.the tn^e beariag by the^ oqmpass. 

9» ffthe tvM plaecM differ iftth m latitudes and ht^tudfii* 

L.et L represent a place in latitude 50^ N ; B a place in latitude 
IS^ 30' N., and let their difference of longitude B P L« measured 
bj- the arch ^ (J. be S2^ 58'. The angle ofposition between L and 
and B (calculated by spherical trigonometry) will be found to be 
,S. es*^ ST* W.,' and the angle ofposition between B and L will be 
N. 38^ 5* £. ; whereas, the direct course by the compass from L to 
Q (calculated by Mercators Sailing) is S. So^ 6' W., and from B to 
L» it is N. 50** 6' E. If we assume any number of points on the 
arch L B> ^he angle of position between L and each of these points 
will be invariable, viz. P L t», P L f, P L ^, P L #, P L r, &c are 
each equal to 6Sf* ST : while the angles of position between each 
pf these places and J^, viz. P w L, P ^ L, P 7 L, P * L, P r L, &c. 
are continually diminishing. If a ship, therefore. Were to sail from 
-f J, on a S. 6tt** ST' W^. course, by the mariner's compass, she would 
never asTive at B ; and were she to sail from B, on a N. SB'* ^ £. 
course by the compass, she would never arrive at L. 

Hence an angle ofposition between two places cannot represent 
their bearing, except those places be on the equator, or upon th^ 
same meridian. 

Examples. 1. What is the angle ofposition between 
London and Prague \ 

Answer. 90 degiees from the north, towards tlie east ; the 
quadrant of altitude will fall upon the east point of the horizon, and 
pass over or near the following places, viz. Rotterdam, Frankfort, 
Cracow, Ockzakow, CaiTa, south part of the Caspian sea, Guzerat 
in India, Madi'as, and part '>f thefisland of Ceylon. Hence, all these 
places have the same angle ofposition from Loindon. 

2. What is the angle of position between London 
and Port Royal in Jamaica? 

Answer. 90 degrees from the north towards the west ; the 
quadrant of altitude will fall upon the west point of the horizon. 

3. What Ts the angle of position between Philadet 
phia and Madrid ? 

Answer. . 65 d( gr^es from the north towards the east ; the 
quadrant of altitude will fall between £. N. £. and N. £. by £. 
poipt§ of tlie horizon. 
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4. Required the angles of position between London 
and the following places ? 

Amsterdam^ Copenhagen. ' Borne. 

Berlin. Cairo. Stockholm. 

KBerne^ v Lisbon. Petersburg. 

Constantinople. Madras. Quebec. 

PROBLEM XVI. 

' . -■ 

To find the Antwciy Perimcu and AnUpede$ ofanypkce* 

Rule. Place the two poles of the globe in the hori- 
zon, and bring the given place to the eastern part of 
the horizon; then,' if the given place be in north lati- 
.4ude, observe how many degrees it is to the northward 
of the east point of the horiEon ; the same number of 
'degrees to the southward of the east point will shew 
the Antosci ; an equal number of degrees, counted from 
the west point of the horizon towards the north, will 
shew the Perioeci ; and the same number of degrees, 
counted towards .the south of the west, will point out 
the Antipodes. If the place be in south latitude the 
same rule w91 serve by reading south for north, and the 
contrary. 

" OR THUS : 

For the Antcecu Bring the given place to the brass 
meridian and observe its latitude, then in the opposite 
hemisphere, under the same degree of latitude, you 
wilkfind the Antceci. 

For the Periqscu 3ring the given place to the brass 

• meridian, and set the index of the hour circle to 12, 

turn the globe half round, or till the index points to the 

other 12, then under the same degree of latitude with 

the given place you will find the Perioeci. 

For the Antipodee. Bring the given place to the brass 
meridian, and set the index of the hour circle to 12, 
turn the globe half round, or till the mSstx points to the 
other 12, then under the same degree of latitude with 
the given place, but in the opposite hemisphere, you 
will find the Antipodes. 

Examples. 1. Required the Antceci) Perioeci, and 
Antipodes of the island of Bermudas ? 
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Ant^**^- A place in Para|^y,a little N* %. of Buenos AjriCQ* 
18 the AntflBci ; the Perioeci is a place in China "S. ^. of MalftiBi 
and the S W part of New Holland is the Antipodes 

2. Reqtured the ActdBGi, Pcri(&ci» and Amipodes^of 
the Cape ot Good Hope f 

3. Captain Cook^ in one f»f his voyages, was in SO 
degrees south latitude and 1 60 <degrees of kmgitnde ; in 
what part of Europe were his antipodes f 

4* Required thei Amosci of the Falkland Islands i 
5* Required the Periceci to the Philippine Islands ? 

* 6. What inhabkanls off Ait eaith are Antipodes W 

BueDOB Aftcni 

To find at what rate per hour 4he inkoBitatits of any 
given plmce are carried^ from westU^a^t, by the rtvO" 
duti^n of iheeartM §h its ^ixie* 

Rule, Find how many tntles make a degvee of ten* 
•gftude in the latitude of the given place ^y Problem 
Xill.) which mtsltiply by 15 for the answer,* 

Or, i.ook for the latitude of the given place in tile. 
tsfcle, Problem IX, against 'wbich you *wiB find tirf' 
number ot miles contained in one degree > muhipfy' ' 
these miles by 15, and reject two figures from the right 
hand of the product ; the resuh will be the ans 

Exenvphs. 1. At what rate ptr hout are t 
l>itants of Madrid carried irom west to east by 
solution of llie esHTCh on its asis. 

Answer. The latitude of Madrid is abouit 40* N. vhei 
|rree of longitude measures 4^ gt rj^^aphical, or 53 Engli 




(see Example 1 . Prob Xill) Now, 46 ini»ltjplied by 15 p 
690, and $3 multiplied hy 1 5 produces 795 ; hence, the inhab 
of Madrid mre 4Darried 690 geographic«W <or 79S £Rglish mii 

By the Table. Againat the latitude 40 you will find 45^6 



* The reason of this rale is obvioui^ ibr, if m be the nimiber.of 
jniles contained in a degree, we bave 24 hours : ^6ii^ x m : : 1 
hour to the answer ; but, 24 is contained 15 times in 360 ; there- 
*fere, 1 hoar : 15 x in. : : 1 boitr tolhe answer : tliat is, on a suppo* 
sition that the earth turns on its axis from west to -east in 34 hours ; 
(but. we have before observed that it tui'ns ,oh its axis in 23 hours 
56 min. 4 sec, which will make a small dUierence not worth no* 
tipc. 
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frt{>hical nAh!9\ And 52^5 English niile»: K«iK$e» 49.99 X 15 ms 
68^.40 and 5285 X l^«e 792.75, by rejeetinr the two right hiont^ 
ilgtires from eteh product, tiM reMtk will be 4ti9 geographical 
iiules, and 792 English m^lev, agreeing nearfy w'>th tlie abiira. 

2. At what rate per hour are the inhabhants ef the 

folio wiag pUce» carried from west to ea^t by the revo- 

lacion o£ the earth oiet Us aai» i 

Skalholt. Philadelphia. Cape of Good HofC^ 

Sphi&bergeii. Cairo. Caicotta* 

Petersburg. Barbadoes* Delhi. 

Iiondon* Qjuito. Batavia, 

A particular place and the hour^ 6/ the dty ol that placid. 
f^^^i given^ to find what hour ittsat am/ oiktr place* 

Sule^ Bring the place, at which the time is given, l» 
the brass meridian, and set the index of the hour circle 
to 12 i* turu the globe till the other place comes to 
the meridian, and the hours passed over by the indes 
will be the difference of time between the two places; 
If the place ^j^re the hour is sought lie to the east of 
that whesein the time is given, count the dtfftrenci of 
time forward from the given hour ; if it lie to the west^ 
leckoa the difference of time backward. 

OR, WITHOUT THE HOUR GIRGLS. 

Find t^ difference of longitude between the two ^1%- 
«es (by Problem VIII.) and turn it into time by ailow^ 
ing 15 degrees to an hour, or four minutes of time to 
one degree. The difference of longitude in time, will 
be /the differeBce of time between the two places, with 
which proceed as above. Degrees of lougitude may be 
turned into time by multiplying by 4 ; observing that 
minutes or miles. q£ longitude, when multiplied by 4» 
produce secoads of time, and degrees of lo|||^tude whea 
multiplied by 4, produce minutes of time. 



* The index may be set to any hour, but 12 is the most comw* 
nient to count from, and it i^ immaterial whioh Vi <n the hour cir* 
de the index ia set to. 



f 
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It has been remarked in the note page 6, that some globes have 
two rows of figures on the hour cucte* others but one ; this dif- 
ference frequently occasions confusion } and the manaer in which 
Mitbojes m general direct a learner to solve those problenui wherei^^ 
the Uour circle is used, serves only to increase that confusion IK 
this, and in all the succeeding problems, g^at care has been taken 
So render the rules general for any hour circle whatsoever. 

.Examples* 1. When it is ten o'clock in the morning 
at London^ what hour is it at Petersburg I 

Answer. The dilTerence oftirnei Is two hours ; and« as Peters* 
burg is eastward of London, this difierence must be counted forK 
ward, so that it is twelve o'clock at noon at Petersburg. 

Or, The diiference of longitude between Petersburg and Lon* 
don is 30^ 25', whicn multiplied by 4 produces 2 hours 1 min. 40 
sec. the difference of time shewn by the clocks of JLondon and 
Petersburg ; hence, ail Petersburg lies to the east of London, 
when it is ten o'clock in the morning at L^Hidon, it is one minute 
and forty seconds past twelve at Petersburg. 

2. When it is two o'clock in the afternoon at Alex- 
wdria in £gypt, what hour is it at Philadelphia i 

Answer. The diiference of time is seven hours ; and becansQ. 
Philadelphia lies to the west of Alexandria, this di^rence must be 
reckoned backward, so that it is seven o'clock in the morning at 
Philaatflphia. , 

Oa, The longitude of Alexandria is 30° 16' B. 

The longitude of PhUadelphia is J^ 19 W. 

Difference of lonj^tude }05 3S 

4 



Diiference of longitude in time 7h. 2 m. 20 sec., th^ 
clocks at Philadelphia are slower than those at Alexandria ; hence, 
when it is two o'clock in the afternoon at Alexandria, it is 5^ m. 40 - 
sec past six in the morning at Philadelphia. 

3. When it is noon at London, what hou( b it at 
Calcutta ? 

4. When it is ten o'clock in the morning at London^ 
what hour is it at Washington I 

5. When it is 9 o'clock in the morning at Jamiaca, 
what o'clock is it at Madras I 

6. My watch was well regulated at London, and 
when I arrived at Madras, which^^was afi^er afiv^ 
month's voyage, it was four hours and fifty minutes 
slower than the clocks there. Had it gained or lost . 
during the voyage t And how much I 1 
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PROBLEM XIX» 

A particular place and the hour of the day beiriggiven^ to 

Jind all places on the globe where it is then noon, ot 
any other gvoen hour. 

Rule. Bring the given place to the brass meridian^ 
and set the index of the hour circle to 12 ; then, as the 
difference of time between the given and required pia- 
ffes is always known by the problem, if the hour at the 
required places be earlier than the hour at the given 
place, tarn the globe eastward till the index has passed 
over as many hours as are equal to the given differ- 
ence of time ; but, if the hour at the required places 
be late^ than the hour at the g^ven place, turn the giobe 
westward tiil the index has passed ever as many hours 
as are equal to the given difference^ of time; and, in 
each case, all the places required will be found undei* 
the brass meridian. 

OR«^ WITHOUT THE HOUR CIRCLE* 

Reduce the difference of time between the given 
place and the required places into miniiies ; these min- 
utes, divided by 4, will give degrees of longitude ; if* 
there be a remainder after dividing by 4, multiply it 
by t>0, and divide the product by 4, the quotient will be 
minutes or miles of longitude* The difference of lon- 
gitude between the given place and the required places 
being thus determined, if the hour at the required pla- 
ces be earlier than the hour at the given place, the re- 
quired places lie as many degi-ees to the westward of 
the given place as are equal to the difference of longi- 
tude ; if the hour at the required places be later than 
€be hour at the g^en place, the required places lie as 
many degrees to the eastward of the given place as are 
equal to the difference of longitude* 

Examples* i. When it is noon at London, at whaW 
places is it ^ past eight o'clock in the morning* 

Answer. Tiie (lifFt rence of time between London, the given 
pl&ce, and the required places, is 3^ hours, and the time at the re* 
qu red places is earlier than that at Loiidon; therefore, the required 
filaces lie 3^ hours westward of London ; consequently, bybring'ing 
to London the brass meridian, setting the index to 12, and turning 

B b 
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the globe eastward Ult the index has passed orer 3$ hoursj ah ih<r 
fequtttjd places will be vnder th« brM iiiehdiaii, as the eatffem 
ttMst of Newf umUind, Cayemiey part ofi^aMgaay, &c 

UC» Fhe diieceniMs of one between Londt^* tne ^T«n pUc«b 
Hid the required pUces, is 3 hours 30 min. 

3 h. 30 in. The difference of lonsptude between the 

60 pbice and the lefuired )>laees isr 52^ 30f; 

, The hour at the re<}iiired pUces bein^ 

4)210 m. ear ier than that ai the given place* «hey 

I be 52^ 30' westward of the given place^ 

52^ -^ 2 Hence, all places situated in 52^ 3ir west 

60 ' longitude from Lundon are the places 

« M sought^ and wiH be found to be Cayenne^ 

4}i20 fcc. as above. 

• _ 

309. 

2. IVhen it is tw% o'clock in the afternoon at Loa*- 
4on^ at what places is it half past five in the afteiteooo^ 

Answer. Here the diiFerenc«N>f ume between Loudon, the given 
jjrtace, and the required places, is 3i hours ; but the time at the re- 
qttined places is later than at i.ondon i'he opeititioA '^U be the 
same as in example 1» only the globe must be tuined 3^ hours to* 
wards the west, because the required places will be in ea^t lonabr 
tude, or eastward of the given place. The places sought are tas 
Caspian sea, western part of Mova Ztmbla, the island of Socotra, 
caatem part of Madagascar, &c. ^ 

3. When it is | past four in the atlemoon at Paris^ 
where is it noon f 

4* When it is | past seven in the morning at Ispa^ 
han^ where is it noon i 

5. When it is noon at Madras, where is it | past six 
o'clock in the morning? 

6. At sea in latitude 40^ north, when it was ten o' 
dock in the morning by the time-piece, which shows 
the hour at London, it was .exactly 9 o'clock in the 
morning at the ship, by a correct celestial, observation, 
(n what part of the ocean was the ship I 

7* When it is noon at London, what inhabitants qf 
t^e earth have midnight i 

8, When it is ten o^clock in the morning at Londoi^ 
where is it ten oVlock in the evening"? 



PROiy^EM XX. 

"?. - 
Tojtndthe surCs longitude {commonly called the surHs 

place in the ecliptic) and hie declination. 

Rule* Look for the given day in the circle of months 
tm the horizon, against which, in the drde of signs, are 
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-> 

^ sigp and deg^e in which die sun is for that dayv 
Find the same sigo and degree in the ecliptic on the 
surface 6f the globe ; bring the ^degree of the ecliptic^ 
49io^ fontid, to that part of the brai»s tneridian which is 
numbered from the equator towards the poles, its dis- 
tance from the equator, reckoned on the brass meri- 
dian, is die sun's declination.'i--*This proUem may be 
performed by the celesta! globe, using the same rule* 

Oa, BT THE AMALEMMA.* 

Bring the analemma to that part of the brass merit* 
dian which is numbered from uie equator towards the 
pK^es, and the degree <m the brass meridian) ei^actly 
ah«dve the day idf ^e nionth, is Ae sun's declination* 
T«m the gl<^ tilla point (tf the ecliptic, cotrespondent 
to the day of the month, passes under the degree of the 
sun'^ declination, that pojnt will be the »un's longitude 
or place for the given day* If the sun's declination be 
north, and increasing, the sun's longitude will be some- 
where between Aries and Cancer. If the declination 
be decreasing, the longitude will be between Cancer 
^gkd Libra* vjjff the sun^s declination be south, and in- 
creasing, the sun's longitude will be between Libra and 
Capricorn i if the declinaticm be decreasing, the l(Mb(^- 
tude will be between Capricorn and Aries. 
. The sun's Umg^tx^de sad deeliivstion are given in the second page 
of every month, in the Nautical Almanac, for every day in that 
month ; they are like wiae given in White*d Ephemeris, ror every 
iUylntheyear* 



^ The Analemma is properly an •rthographic projection of the 
sphere on the plane of the meridian ; but what is called the Ana- 
lemma on the elohe, is anarow.slip of paper* the length of vi^ich 
is equal to the breadth of the torrid zone It is pasted on some va- 
cant place on the globe in the torrid zone, and is divided into 
months, andda^s of the months, eorrespondent to the sun's declina- 
tion for every day in the year It is divided into two parts ; the 
rig^t hand part begins at the winter solstice, or December 21st, 
and is reckoned upwards towards the summer solstice, or June 21st, 
where the left hand part begins, whieh is reckoned downwards in 
a simil *r manner, or towards the winter solstice. On Gary's globes 
the Analemma somewhat resembles the figure 8 It appears to have 
been drawn in this shape for the convenience of showing the equa- 
tion of time, by means of a Rtraight line which passes through the 
middle of it The equation ef time is placed on the horison of Baf- 
fin's globes. 
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Examples. U What is the sun's longitude and dcdi- 
.nation on the ISdiot April? 

Ani>w^. Tae sun'vpUce is 26® in <\p» declination 10® N. 
2. Required the sun's place and declination for die 
following days? 

May 18- 
June 11* 
July lU 
August 1. 



January 21. 
February 7. 
March 16. 
April B* 



September 9* 
October 16* 
November 17. 
December !• 



PROBLEM XXI* 

• T^ place the ghhe in the ^ame eituation^ nnth respect to 
the sun^ as sur earth is at the equinoxes^ at the sum- 
pier solstice^ and at the winter solstice^ and therehf 
to show the comparative lengths of the longest ami 
shortest days** 

1. For THfe Ec^lNOXEs. Place the two poles of the 
globe in the horizon ; for at this time the sun has no 
declination, being in the equmoctial in the heavens, 
which is an imaginary line standing vertically over the 
equHtor on the earth. Now, if we suppose the sun fo 
be fixed, at a considerable distance from the globe, ver- 
tic.illy over that point of the brass meridian which is 
marked O, it is evident that the wooden horizon will 
be the boundary of light and darkness on the globe, 
and that the upper hei|iisphere will be enlightened 
from pole to pole. 

Meridians, or lines of longitude, being generally 
drawn on the globe through every 15 degrees of the 
equator, the sun will apparently pass from one meridian 
to another in an hour. If you bring the point Aries 
on the equator to the eastern part of the horizon, the 
point Libra will be in the westeiii part thereof; and 
the sun will appear to be setting to ^h^ inhabitants of 

* In this problem, as in all others where the pole is elevated to 
the sun's declination, he sun is supposed to be fixed, and the earth 
'to m -ye on its axisi from west tu east £ he author of this work has 
a little brass ball made to represent the sun ; this ball is 6zed upon 
a strong* wire, and when used, slides out of a socket like an aero- 
inatic telescope. The socket is made to screw to the brass meri- 
dian (of any ^lobe) over the sun's declination, and the IKtle brasysi 
ball, repre^enUng the sun, stands over the declination, at a coasid^ 
erable distance nom the globe. 



^Londbn aiid to all places under the same meridian : let 
the globe be now turned gently on its axis towards the 
east, the sun will appear to move towards the west, and, 
as the different places successively enter the dark hem- 
isphere, the sun will appear to be setting in the we8t« 
Continue the motion of the globe eastward, till Lon* 
don comes to the western edge of the horizon ; the mo* 
ment it emerges a1>ove the horizon, the sun will appear 
to be rising in the east. If the motion of the globe on 
its axis be continued eastward, the sun will appear tp 
rise higher and higher, and to move towards the west ; 
when London comes to the brass meridian, the sun 
will appear at its greatest height ; and after London 
kas passed the brass meridian, he will continue his ap- 
parent motion westward, and ^adually diminish in 
altitude till London comes to the eastern part of the 
liorizon, when he will again be setting. During this 
revolution of the earth on its axis,* every place on its 
surface has been twelve hours in the dark hemisphere, 
and twelve hours in the enlightened hemisphere : c(hi- 
sequently the days and nights are equal all over the 
world ; for all the parallels of latitude are divided into 
two equal {mrts by the horizon, and m every degree of 
. latituf^ there are six meridians between the eastern 
^ part of the horizon and the brass meridian ; each of these 
; meridians answers to one hour ; hence, half the length of 
the day is six hours, and the whole length twelve hours. 
If any place be brought to the brass meridian, the 
number of degrees between that place and the horizon 
(reckoned the nearest way) will be the sun's meridian 
altitude. I'hus, if London be brought to the meridian^ 
the sun will then appear exactly south, and its altitude 
will be d8^ degrees ; the sun's meridian altitude at Phi- 
ladelphia will be 50 degrees ; his meridian altitude at 
Quito do deofrees ; and here, as in every place on the 
equator, as the globe turns on its axis, the sun will be 
vertical. At the Cape of Good Hope the sun will ap- 
pear due north at noon, and his altitude will be 55^ 
degrees. 

2. For the summer solstice. — ^The summer sol- 
stice, to the inhabitants of north latitude, happens on 
the 2 1 ftt of Ju'^e, ^ hen the sun enters Cancer, at which 
time his declination is 23^ 28' north. Elevate the north 
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pole 33 degrees al'Ove the northern point.of Ae h<M4* 
zon^ brittg the«igfi of Cancer in the ecliptic to the brass 
iMridian, and over tiiat degree of the brass meridiaii 
under which this sign standi, let the sun be sup|:^sed 
W be fixed at a considerable distance from: the globe*' 
. While the globe retnaitis in diis position, it will be 
aeen that the equator is exactly divided into two equsd 
parts, the equinoctial point Aries being in the western 
part of the horiEon, and the opposite point Libra in the 
eastern part, and between the horizon and the bra^ ' 
BBieridian (counting on the equator) there a^e^ix nieri- 
dtaoH, each ifteen degrees, or an hour aptrt : eonse^ 
quendy, the day at the etjuator is twelve hours Idng; 
From the equator northward, as far a6 the Arctic cir- 
cle, che diumal arches will exceed the ttoctumal arches t 
that io, more than one half of any of the parallels of 
latitude will be above tfae hor|2ion, and of course less 
than i^n^ half will be below ; so that the days ar^ longer 
than the nights. AU the parallels of latitude within 
the Arctic circle wiU be wholly above the horizc»4 con- 
s^uently, those inhabitants will have no night. Froor- 
the equator southwards as far as the Antarctic circle,' 
,the nocturnal arches will exceed the diumfill arches $ 
that is, more than one half of any cne of ^e parallels tt 
latitude will be below the horizon ; and, consequently^ 
less than one half will be above. All the parallels of 
latitude within the Antarctic circle will be wholly below 
the horizon, and the inhabitants, if any, will have twi-^ 
light or dark night* 

From a little attention to the parallels of latitude,; 
while the globe remains in this positi^, it will ea'sify 
be seen that the arches of those parallels which are 
above the horizon, north of the equator, Are exactly of 
the same length as those below the horizon, south <# 
the equator; consequently, when the inhabkaats of 
north latitude have the longest day, those. in south lati<' 
tttde have the longest night. It will likewise appear, 
that the arches of those parallels which are above ^e 
horizon, south of the equator, are exacdy of the aame ' 
length aatiiose bdow the horizon, north of the equator ; 
therefore, when the inhabitants who are situated south- 
of the equator have the shortest day, those who Kve - 
north of the equator have the shortest tti^t» 
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By counting . the nuiiiber of meri4i9D« (suppo8Uig^ 
Aem to be drawu through every fifteen degrees ol tkm 
f<|aAtor) between the horizon and the brass merkliaay 
oo any paraUel of latitude^ half the length oi the dajr 
wki be determio/ed in that iatitade, the double of which 
i» the length of the day. 

t. in the parallel of 20 degrees iK>rth latitude, then 
aire six meridians and two thirds more ; htnce, the long* 
eat day is I a hours and M mututeji i and, in the paral* 
fel of 20 degrees south latitude, ^there are five sieridi» 
Ws and one third i hence, the shortest day in that lati* 
tude is ten hours and ibrty minutes* 

2. in the parallel of ao degrees north lai^tttde, Aerc 
are seven, oieridians between the horizon and the brass 
meridian ; hence, ^e longest day is 14 hours; and in 
ti>e same degree of south latitude, ihere are only fivo 
meridians ; hence, the shortest day in that latitude is 
ten iKmrs* 

3. In the parallel of 50 degrees north latitude, there 
are eight meridians between the horizon and the brass 
BUiridiaB ; the longest #y is, therefore, sixteen hours ; 
and in the ^ame degree of south latitude, dsere are 
only four meridians g hence, th^ shortest day is eight 
Konrs. 

4. la the parallel of 60 degrees north latitade, there 
1^ 9^ meridians from the horizon to the brass meri* 
dism ; hence, the longest^ay is ia| hours ; and, in the 
same degree of south latitude there are only 2| naeri- 
dians i the length of the aiiortest day is, therefore, 5^ 
liours* 

By turning the globe gendy round on its asus iitim 
West to east, we shall readily perceive that the smi will 
lie vertical to all the inhabitants under the tropic of 
Caacei*9 as the places, sueoessively pass the brass meri- 
diaa. 

If any place be brought to the brass meridiem, the 
au'nber of degrees beiOreen that place and the horizon 
(reckoning the nearest way) will shew the sun*s meri- 
dina altitude. Thus, a( London, the sun^s tneridiaa 
altitude will be found to be about 62 degrees, at Pe- 
tersburg 54j degrees, at Madrid 73 degre^js, &c. To 
the inhabitants of these plaoot^ the sun appears due 
south at noon. At Madras, the sun's^eri iian altitude 
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will be r9| degrees ; at the Cape of Good Hopej 3^ de- 
grees ; at. Cape Hcu-n, iO| degrees, &c. The sun will 
appear due north to the inhabitants of these places at 
noon. It the southern extremity of Spitzbergen, in 
latitude 76^^ north, be brought to that part of the brass 
meridian which is numbered from the equator towards 
the poles, the sun^s meridian altitude will be 37 degrees, 
which is its greatest altitude ; and if the globe be turn- 
ed eastward twelve hours, or till Spitzbergen comes to 
that part of the brass meridian which is numbered from, 
the pole towards the equator, the sun's altitude will be, 
10 degrees, which is its least altitude for. the day given 
iD^ the probl^* It was«.shewn« in the ioregoing part of 
tile problem, that, when .the sun is veniQally over the, 
equator in the vernal epuinox, the north pole begins ta, 
be enlightened ; cpnsequently, the farther the sun appa- 
rendy proceeds ia its course northward, the more day- 
light is diffused over the north polar regions, and the 
sun will appear gradually to increase in altitude at the 
north pole, till the -^Jlst of June, .when his greatesj^ 
height is 23^ degrees ; he will then gradually diminish 
in height tiU the :^3d of September^ the time of the 
autumnal equinox, when he will leave the north pole^ 
and proceed towards the south ; consequendy, the sun^ 
has been visible at the north pole for six months* 

3. For the Winter Soktice. — The winter solstice, jta 
the inhabitants of north latitude,, happens o^ the 21st of 
December, when the sun enters Capricorn,. at which 
time his declination is 23^28^.south. £levate tjie south 
{>ole 23|> degrees aUove the southern point of the hori- 
zon, bring the sign of Capricorn in the ecliptic to the 
brass meridian, and over that degree of the brass me« 
ridian .under which this sign stands, let the sun be sup< 
posed to be fixed, at a considerable distance from, the. 
globei. 

Here, as at the summer solstice, the days at the equa- 
tor will be twelve hours long, but the equinoctial point 
Aries will be in the eastern part of the horizon, and 
Libra in the western. From the equator southward, 
as far as the Antarctic circle, the diurnal arches will 
exceed the nocturnal arches* All the parallels of lati- 
tude within the Antarctic circle will be wholly above 
the horizon. From the equator northward^ the noctur- 
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tial archfs will exceed the diurnal iarchcs. All the 
paralieid of latitude within the Arctic circle will be 
wholly below the horizon« The inhabitants south of 
the equator will now have their longest day, while 
those on the north of the equator will have their short- 
est day* 

As the globe turns on its axis from west to east, the 
dun will be vertical successively to all the inhabitauts 
under the tropic of Capricorn. By bringing any place 
io the brass meridian, arid finding the sun^s meridiaii 
iiltitude (as in the foregoing part of the problem), thci 
greatest altitudes will be in south latitude, and the teast 
in the north ; contrary to what they were before. 
Thus, at London, the sun*s greatest altitude will be 
only 15 degrees, instead of 62 i and his greatest alti- 
tude at Cape Horn will now be 57^ degrees, instead of 
iO|, as at the summer solstice : hence it appears, that 
the difference between the sun's greatest and least me- 
tidism altitude at any place in the temperate zones, is 
equal to the breadth of the torrid zone, viz, 47 degrees, 
or more correctly, 46° 5t>\ On the 23d of September, 
when the sun enters Libra, that is, at the time of the 
autumnal equinox, the south pole begins to be enlight- 
ened, and as the sun's declination increases southward^ 
he will shine farther over the south pole, and gradually 
increase in attitude at the pole ; for, at all times, his alti- 
tude at either pole is equsd to his declination. On the 
21st of December the sun will have the greatest south 
declination, after which his altitude at the south pole will 
gradually diminish as his declination diminishes ; and 
on the 21st of March, when the sun's declination is 
nothing, he will appear to skim along the horizon at 
the south pole, and likewise at the north pole ; the suit 
has therefore been visible at the aoath pole for aiM 
montht* 
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PROBLEM Xiklit. 



Tophc^ the globe in the same situation^ with respect i& 
the Potar Star in the heavens^ as our earth is to thi 
inhahltaMs of the equator^ &fc. viz, to illustrate thi 
three positions of the sphere^ tight^ parallel and obliquei 
so as to shew the comparative length of the longest 
and shortest day s,"^ 

1. * Fat the Right Sphere.'^The inhabitant, who live 
upoatfae equator have. a rigbt.sphere, aail the north 
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^ III ^s prablem, and in til others wtatere the pole is der&tad t» 
the latitude efa given pUce> the earth is supposed to be fixed, and 
lie sun to move round it from east to west. When the given pUc|S> 
Is brought to the brass meridian, the -wooden horizon is the true 
rational horizon of that pT^e^ bol it does not separate the en]igbt'» 
cne4 P^rt of the globe from the dark part, iks in the preceding prolH 
lem. Mr I Adam Walker, lecturer in pbilosopky, in his ** J&asyr. 
intrbduction to Geography," disapproves of this method of elevat- 
ing the pole. He says : ** Simplicity and perspicuity should ever* 
't»e studied b^ tiib^ who coitiVate ^le youn^ mind; and Jarring^ 
epposing^ or equivocel ideas, sbould be avoided ahnest as mucb 
ms error or falsehood. Our globes, till of late years, were equips 
Tvith an hour circle, which prevented the poles fiom sliding' 
t{ut»ugh' the horikon ; hence their rectification was generally for 
the place on the earth, instead of the siin's place in the ecUptiotf 
which put the globe in 9o unnatural taid absurd a position res- 
pecting the sun, that young people were' confounded when they 
compared it with the earth's position during its annual rotatio* 
iround thirt luminary; and-^eonsioering the horizon as the boandarjT 
of day and night Being, therefore, sometimes obliged to reo* 
ixfy for the jplace on the eanh, and sometimes for the sun's place 
in the ecliptic, the two rules clash so unhappily in the pupiPi 
mind, that few remember a single problem a twelvemonth after 
the end of their tuition.*' It will eerUinly be admitted that 
jarrinp^, opposing, or equivocal ideas, should be avoided« and that 
perspicuity should be the study of every tutor ; but there is nothing 
either absurd or unnatural in elevating the pole to the latitude of 
the place on the eartii ; for this is placing the globe in its true aittt- 
ation respecting the heavens and the fixed stars i besides, in ex- 
plaining the principles of dialling, and other problems where the 
globe is exposed to the sun's rays, the pole must be elevated to tlie 
Altitude of the place, as will be shewn in some <^ the succeeding 
problems. The pupd who wishes to make hhaself corapletetf 
master of the globes, must endeavour to comprehend, why he 
•ometimes elevates the pole to the latitude of the place, and at 
others to the sun's declination. A little, perseverance will soon re- 
move all jarring and equivocalideas from his mind, and,. instead of 
forgetting ^le problems in a twelvemonth* he will remember them 



jpolso* Star apjH-ars always in (or very iiear) the horizon. 

Place the t^o poles of the globe in the horiz^on, then 

tile 4iprth {kHe will correspond with the north polar 

star^ ami all the heavenly ,U>dies.will appear to revolve 

rouuci the earth Irom ^st to we^t^ ia circles parallel to 

the eqlUi^)Ctial, according to their different declinations : 

One hnU the starry heavens will be dooistantly abpye the 

Jiorizon, and the other half below, so that the stai^ 

will be visible for twelve hours, and invisible for the 

tfame space of time ; and, in the course of a year, an 

inbabitant upon the equatpr naay see all the, stars ijoi 

the heavens. The lecliptic being. drawn on the terres- 

li^al globe, young studcntp aart often led to imagine 

liiat the sun apparently moves 4^ily rouii^cl the earth in 

llie same oblique manner.. I'o correct this f^se Mtf^ 

tire mufirt suppose the eciip>tic to be transferred, to the 

heavens, where it properly points out the sun's appa<» 

|i«nt annual path amongst the fixed stars* The sun'3 

diurnal path is either over the equator, as at the time of 

the equinoxes^ or in lines nearly parallel to the equator : 

^is may correcdy be illustrated by fastening vOne end 

#f a piece of packthread upon the point Aries on the 

lequator, and winding the packthread round the globe 

fowards the right hand, so that one fold may touch anof 

ther, till you come to the tropic of Cancer ; thus } ou 

will have a correct view of the sun's apparent, diurnal 

path from the vernal equinox to the summer solstice $ 

ibr, after •a diurnal revolution, the sun does not come 

to the same point of the parallel whence it departed^ 

f>ut, according as it approaches to or recedes from the 

tropic, is a little above or below that point. When 

the sun is in the equinoctial, he will be vertical to all the 

inhabitants upon the equatpr, and his apparent diurnal 

path will be, over that line: when the svm has ten def> 

grees of north declination, his apparent diurnal path 

will be from east to west pearly along that paralleL 

When the sun has arrived at the tropic pf Cancer, his 



as long as ne retains his faculties : ** What we acquire vnxh diifi- 
cuUy we remember with case ;** and nothing hut a superficial 
knowledge of aay subject can be obtsined witlMUt elote appUof^tion 
and attention. 
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diurnal path in the heavens will be alcmg ihal Um» ff&d 
be will be vertical to all the inhabitanta on the earth % 
latitude 23^ 2a' north. The inhabitanta ufK^n the equapt 
tor will always have twelve hours day and twelves homn 
night, notwithstanding die variation of the. sun's d<»« 
clination from north to south, or from soudi to north $ 
because the parallel of latitude which the sun appareat-r 
ly describes for any. day will always be cut into two 
equal parts by the horizon. The greatest meridiai^ 
sdtitude of the sun will be 90^, a^d the least 66P 32^ 
Dui i g one half of the year, an inhabitant on the equa? 
tor will see the sun full north at noon^ and during the^ 
other half it will be fuil south. . ^ 

.2. For the FarallelSphere.'^The. inhahitaK>tfl (if any) 
who live at the north pole, have a parallel sphere apdir 
the north polar star in the heavjtns appears exacdy (oi^ 
very nearly,) over their heads. £levate the nor^h pc^ 
ninety degrees above the horizon, then the equatpr will 
Coincide with the hori^ton, and all the parallels of lati*; 
tude y ill be parallel thereto. In the summer half year,^ 
that is, from the vernal to the autumnal equinoj;, the. 
sun will appear above the horizon, consequently the 
Utars and planets will be invisible during that period^ 
When the sun enters Aries, on the 21st of March, he^ 
vrill be seen by the inhabitants of the north pple (if ther&< 
be any inhabitants) to skim just along the edge of thfi; 
horizon ; and, as he increases in declination, he wil]^ 
increase in altitude, forming a Jcind of spiral, as before, 
described, by wrapping a thread round the glpbe. Ther 
sun's altitude at any particular hour is always equal to^ 
his declination. The greatest altitude the ,sun can* 
havie is 23^ 28', at which time he has arrived at the. 
tropic of Cancer ; after which he will gradually der 
crease in altitude as his declination decreases. When 
the sun arrives at the sign Libra, he wUl^ again appear ^ 
to skim plottg the edge of the horizon, after which he 
will totally disappear, having been, above the. hori^^on. 
for six months. Though the inhabitants at the north 
pole will lose sight of the sun a short time after the 
autumnal equinoii;, yet the twilight will continue near- 
ly two months ; for the sun will not be 18^ below th^ 
horizon till he enters the 80th of Scorpio, as may be 
^een bv the gjiobe. 



fc " Altei" tl)€ sun has descended 18® below the horizon^ 
ill the stars in the northern hemisphere will become 
Visrible) and appear to have a diurnai revolution round 
^e earth irom east to iivest, as the sun appeared to have 
ti^hen he Was above the horizon. Ihese stars will not 
•et during the winter half ol the year ; and the planets, 
when they are in any of the ncrihern signs, will be visi- 
ble. The inhabitants under the north polar star have 
Ae moon constantly above their horizon during four- 
teen revolutions of the earth on its axis, and at every 
fall moon which happens, from the 2Sd of September 
to the 21st of March, the moon is in some of the north- 
ern signs, and consequently visible at the north pole ; for 
the sun being below the horizon at that time, the mcon 
BiQst he above the horizon, because she is always in 
that sign which is diametrically opposite to the sun at 
the time of full moon. 

When the 4un is at his greatest depression below the 
horizon, being then in Capricorn, the moon is at her 
first quarter iii Aries : full in Cancer ; and at her third 
quarter in Libra: and, as the beginning of Aries is the 
rising point of the ecliptic. Cancer the highest, and 
Libra the setting point, the moon rises at her first quar- 
ter in Aries, is most elevated above the horizon and 
full in Cancer, and sets at the beginning of Libra in her 
lliird quarter ; having been visible for fourteen revolu- 
tions of the earth on its axis, viz. during the moon'9 
passage frcnn Aries to Libra. Thus the north pole is 
supplied one half of the winter time with ccjnstant 
moonlight in the sun's absence ; and the inhabitants on- 
ly lose sight of the moon from her third to her first 
quarter, while she gives but little light, and can be of 
little or no service to them. 

3. For the ObiiqueSphere.-^Whcnevtrthe terrestrial 
globe is placed in a proper situation with respct to the 
the fixed stars, the pole must be elevated as many de- 
grees above the horizon as are equal to the latitude of 
Sie given place, and the north pole of the globe must 
point to the north polar star in the heavens ; for in sail- 
ing, or travelling from the equator northward, the north 
polar star appears to rise higher and higher. On the 
equator it will appear in the horizon ; in ten degrees of 
north latitude it will be ten degrees above the hori- 



2on ; in tirettty degrees of Donli latittule ic wUt be. 
twenty dej^rees above the horizon ; and so on, al*^ 
ways increasing in altitude as the latitude increaa« 
ts. Every inhabitant of the earth, except those .who 
five upon the equator, or esactly under die north 
polar star, has an oblique sphere, vie. the eqaatco* 
cuts the horizon obliquely. By elevating a£d de« 
pressing the poles, in several problems, a yoimg stu« 
dent is sometimes led to imagine that the earth's axis 
moves northwsffd and southward, just as the pole is 
raised or depressed : this is a mistake ; the earth's axis' 
has no such motion.* In travelling from the equator 
ftorthward, our horizon varies : thus, when we are oa 
the equator, the northern point of our horizon * is ex«» 
actly opposite the north polar star; when we have trav« 
elled to ten degrees north latitude, the north point of 
our horizon is ten degrees below the pole, and soont 
now, the wooden horizon on the terrestrial globe is 
immoveable, otherwise it ought to be elevated or de- 
pressed, and not the pole ; but whether we elevate the 
pole ten degrees above the horizon, or depress tho 
north point of the horizon ten degress below the pole^ 
the appearance will be exactly the same. 

The latitude of London is about 51^ degrees norths 
if LondcHi be brought to the brass meridian, and the 
north pole be elevated 51^ degrees above the n<»tb 
point of the wooden horizon, then the wopden horizon 
will be the true horizon of London ; and^ if the artificial 
globe be placed exactly north and south by a mariner's 
compass, or by a meridian line, it will have exactly the 
position which the real globe has* Now, if we imagiiie 
lines to be draWn through every degreef withiii <she tor- 
rid zone, parallel to the equator, they will nearly re^ 
present the sun's diurnal path on any given day. By 
comparing these diurnal paths with each other, they wi^ 
be found to increase in length from the equator north- 
ward, and to decrease in length from the equator south- 



• The earth's axis has a kind of librating motion, called ihe nu- 
tgthn, but this cannot be represented by elevating or depres&mg the 
pole. 

f Such lines are drawn on Adams' globes. 



^rard ; ocmsequently , when the sub is Qorth of the equ^r 
tor, the d^ys are increasing in length , and when s<mth 
of the equator, the day^ are decreasing. The sun's 
meridian altitude for any day may be fou^ by counting 
the number of degrees from the parallel in which the 
eun is on that day, towards the horizon, upon the bras^ 
meridian ; thus, when the sun is in that parallel of lati-^ 
tude which is ten degrees nort^ of the equator, his me« 
vidian altitude will be 48^ degrees. Though the wood-* 
eh horizoii be the true horizon of the giVen place, yet 
it does not separate the enlightened hemisphere of 
die globe from the dark hemisphere, when the pol^ 
i^ thus elevated. For instance, when the sun is in Aries^ 
and London at the meridian, all the places on the globe 
above the horizon beyond those meridians which pasfli 
through the east and west points thereof, reckoning to- 
tfards the. north) are in darkness, notwithstanding they 
9ire above the horizon i and all places below the hori"» 
zon, between those same meridians and the southern 
jppint of the horizon, have day-light, notwithstanding 
ihey are below the horizon of London. 

PROBLEM XXIII. 

iH%e month and day of the month being given^ tojind all 
places of the earth where the sun is vertical on that 
datf / those places where the sun does not set, and thos^. 

. piacss where he does not rise on the given day. 

Rule. Find the sun's decliitation (by Problem XX.y 
ior the given day, and mark it on the brass meridian i 
lum the globe round on its axis from west to east, and 
bH the places which pass under this mark will have the 
sun vertical on that day. 

Secondly* Elevate the north or south pole, according 
l» die sun*s declination is north or south, so many de- 
grees above the horizon as are equal to the sun's decli« 
niton; turn the globe on its axis from west to east; 
then, to those places which do not descend below the 
horizon, in that frigid zone iKear the elevated pole, the 
sun does not set on the given day ; and to those places 
which do not ascend above the horizon, in that frigid 
zone adjoining to the depressed pole, the sun does not 
rise ou the given day. 
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OR, BY TUB AN^LEMMA, 

Bring the analetntna to that part of the hrtisi tneriJ 
diaa which is numbered from cne equator towards the 
poles, the degree directly above the day of the month, 
on itie brass meridian^ is the sun's declination* Elevate ' 
the north or south pole, according as tne buu^s dcciina-» 
tion is north or south, so many degrees above the ho- 
rizon as are equal to the sun's declination ; turn the 
globe on its axis from west to east, then to those placed 
which pass under the sun's declination on the brass me* 
ridian, the sun will be vertical ; to those places (in that 
fngid zone near the elevated pole) which do not go be- 
loW" the horizon, the sun does not set ; and to those 
places (in that frigid zone near the depressed pole) 
which do not come above the horizon, ihe sun does not: 
rise on the given day. 

Examples. 1. Find all places of the earth where the 

sun is vertical on the 1 ith of May^; those places in the 

#irth frigid zone where the sun does not set ; and those 

places in the south frigid Zone where he does not rise* 
Answer. Tne sun is verticai to St Anthony, one of the Cape Verdi 
islands, the Virgin Islands, soath of :St. Domingo, Jamaica, Gotcoii« 
da, &c. All places within eighteen degrees of ihe north pole wiU 
have constant day ; and those, if any, within eighteen degrees of 
the south {>ole will have constant night. 

2. Whether does the sun shine over the nonh or 
south pole on the 27th of October t to whai places will 
he be vertical at noon t what inhabitants of the earth will 
nave the sun below their horizon during several revo- 
lutions, and to what part of the globe wiU the sun never 
set on that day ? 

3. Find all the places of t^e eardi where the inhabi*" 
tants have no shadow when the sun is on their meri<* 
dian, on the first of June. 

4. What inhabitants of the earth have their shadows 
directed to every point of the compass during a revo- 
lution of the earth on its axis on the 15th of July i 

5. How far does the sun shine over the south pole 
on the 14th of November/ what places in the north 
frigid zone are in perpetu^ darkness i and to what pla- 
ces is the sun vertical i 

6. If the sun be vertical in any place on the 15th of. 
April, how many days will elapse bcibre he is vertical 
a second time at that place i 
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7. If the sun be vertical at any place on the 20th of 
August, how many days will elapse before it is Tertkair 
a second time at that place f 

, 8. Find all places of the earth where the moon was : 
vertical on the 15th of May ISOS."* 

PROBLEM XXIV. 

A place being given in the torrid zone^ tojind those tw0 
days of the year on ivhich the sun ivill be vertical a$ 
. that place. 

Mule. Bring the g^ven place to th«)t pan of the bjras* 
meridian which is numbered from the equoitor towards 
the poles, and mark its latitude ; turn the globe on its 
aicis, and observe what two points of the ecliptic pass 
under that latitude ; seek those points of the ecliptic in 
the circle of signs on the horizon, and exactly against 
t|kem» in the circle of months, stand the days required. 

OR, BT THE ANALEMMA, 

^ Find the latitude of the given place (by Problem L) 
and mark it on the brass meridian ; bring the analem- 
ma to the brass meridian, upon which, exactly under 
, the latitude, will be found thA two days required. 

Examples. 1. On what two days of the- jrear will 
file i;un be vertical at Madras h * 

: Answer. On the 35th of April, and on the 18th of Augnut 

% On what two days of the year ia the sun vertical 
at the following places ? 

O'why'hee St. Helena Sierra Leone 

Friendly Isles Bio Janeiro Vera Cruz 

Straits of Alass Quito Manilla 

Penang Barbadoes Tinian Isle 

Trincomale Porto Bello Pelew Islands 



* To perform tins example, find the moon's declination on the 
l^ren^day in the Nautical Almanac, or White's Ephemeria, and 
mark it on the brass meridian ; all places passing under that degpree 
of declination will have the moon vertical, or nearly so, on the 

fiven day. The moon's declination at mi(hught on the 15 th of May 
80a was U<> 34' south. 
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'ne month and the day of the month being given Cat my. 
place not in the frigid zones^ J to find -what other day 
. cfthe year is of the same length. 

Rule. Find the sun*s place in the ecliptic for fhe 
given day (by Problem XX.) bring it to the brass me- 
ridian, and observe the degree above it , turn the globe 
«ii its MCi* tUi some oAer point of the ecjiiptic falls up** 
dbrtke same degree €»f the meridiati i find this point of 
the ecliptic on the horizon, and directly against it yoa 
^iUfind the day of the month required* 

Thift pff:kiem mvy k» pff^Qtrroodi by tbs oel^stuil globt ia tb* 
«|i^e vxaumer. 

OR, BY TttE AKAtEMHA* 

l40ok for the given day of the month on the analem-. 
ma, and adioiomgf to it you will find the ireqaired daj* 
of the montn. 

• • •■ • 

OR, WITHOUT A GLOBE* 

/ 

Any two days of the year which are of the samelei^gth^ 
Will be an equal number of days from the longest or short* 
est dsiy* Uence, whal;ever number of days the giv«s% 
day is before the longest or shortest day, just so many 
days will the required day be after the longest or short-* 
est day, et centra* 

Sx^^ple^ X. What day of the year ta of tke same 
length as the 95th of April I 

^oawfr. TUe 18th of ^ugust 

2. What d^y of th/e'year is of the same length asth^ 
25th of Mayi 

3. If the sun rise at four o'clock in the morning at 
X»ondon on the 1 r|:h of July, on what other dajr of the 
year will it rise at the same hour ? 

4. If the sun set at seven o'clock in the -evening at 
London on the 24th of August, on what other day of 
the year will it set at the same hour ? 

^ 5. If the sun's meridian altitude be 90° at Trin- 
eomale, in the island of Ceylon, on the l2th of April, 
on what other day of the year will the meridian altitude 
be the same ? 

6. If the sun's meridian altitude at London, on the 
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2lfth dT A^Hl be S\° $s\ on what other daf of the 
year will the meridian altitude be the same i 

P ROB L Elf XX V2^ 

T%^ months day^ and hour oj the daij being>given^ Ujlni 
where the sun is vertical at that instant. 

Rule. Find the sun's declination (by Problem XX.) 
and mark it on the brass meridiani bring the givca 
place to the brass meridian, and set the index oi the 
hour circle to twelve ; then, if the given time be be* 
jbre noon, turn the globe westward as many hours as it 
wants of noon ; but, if the given time be past noon^ 
turn the globe eastward as many hours as the time is 
past noon ; the place exacdy under the degree oi the 
sun's declinadoii will be that sought. 

Examples, i. When it is ibrty minutes past six 
O^ciock in the morning at London, on the ^5th of April^ 
where is the sun vertical ? ' 

Answer. Here tlie given time is ftve hours twenty minutes be- 
fore no n ; hence tne globe must be titmed towards ilic west till 
the index nas passed over five hours twenty minutes^* and andtr 
the bun*;> declination on the brass meridian you will find Madras^ 
the place required 

2. When it is four o'clock in the afternoon at Lon« 
don, on the 18th of August, where is the sun vertical? 

Answer. Here the given time is four hours past noon ; hence^ 
the gtobe must be turned towards ttte east, till the index has pass^ 
ed over four hours j then, under the sun's decjination, you will 
find Batbadoes, the place required. 

3. When it is three o'clock in the afternoon at Lon* 
don, on the 4thof Janiuuy, where is the si^n vertical? 

4. When it is three o'clock in the morning at 
London, on the 11th of April, where is the sun ver* 
^ical 1 

' 5. When it is thirty-seven minutes past one o'clock 
in the afternoon at the Cape of Good Hope, on the 5xh 
of February where is the sun vertical ? 

6. When it is eleven minutes past one o'clock in the 
afternoon at London, on the 29ih ot April, where is 
the sun vertical ? 



• If the hour circle be not divided to twenty minutes> turn th^ 
globe till the index htis passed over five hours and a quarter ; by 
turning it a degree and a quarter farther to the west (answering tis 
five minutes of time) the solution will be exact. See the note to, 
the next proMem. Tbe degrees must be eoonted on the equator. 
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- r. When It 18 twenty minutes past five o'clock m ^he 
afternoon at Philadelphia, on the 18th of May, where 
is the sun vertical ? ' . 

8. When it is nine o'clock in the morning at Cal- 
cutta, on the 11th of April, where is the sun ver- 
tical^ 

PROBLEM XXVII, 

The months day^ and hour of the day at any place being^ , 
given^ to Jind all those places of the earth where the 
sun is risings those places where the sun is settings 
those places that have noon^ that particular^ place 
where the sun is vertical, those places that have morn' 
ing twilight^ those places that have evening twilighty^ 
and those places that have midnight. 

Rule. Find the sun's declination (by Problem XX*) 
and mark it on the brass meridian ; elevate the north or 
south pole, according as the sun's declination is north 
or south, so many degrees above the horizon as are 
equal to the sun's declination ; bring t(e given place 
to the brass meridian, and set the index of the hour 
circle to twelve ; then, if the given time be before 
noon, turn the globe westward as many hours as it 
wants of noon \ but, if the given time be past noon, 
turn the globe eastward as many hours as the time is 
past noon ; keep the globe in this position ; then all 
places along the western edge of the horizon have the 
sun rising ; those places along the eastern edge have 
the sun setting ; those under the brass meridian, above 
the horizon, have noon ; that particular place which 
stands under the sun's declination on the brass meri- 
dian has the sun vertical ; all places below the western 
edge of the horizon, within eighteen degrees, have 
morning twilight ; those places which are below the 
eastern edge of the horizon, within eighteen degrees, 
have evening twilight ; all the places under the brass 
meridian below the horizon have midnight ; all the 
places above the horizon have day, and those below it 
have night or twilight* 

Examples* When it is fifty-two minutes past four 
o'clock in the morning at London, on the 5th of March, 
find aH places of the e^rth where the sun is rising) set- 
ting, &c« &c* . " 
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^ : , Aiurw«r. The sun's declination will be foSund to be ^'^ south t 
therefore, elevate the south pole 6i** above the horizon. The given 
time being seven hours eight minutes before noon (ss= 12 h. — 4 h. 
52 m ) the globe must be turned towards the west till- the index 
has p^assed over seven hours eight minutes * Let the globe be 
fixed in this position ; then, > 

The Sun is rising at the western part of the White Sea^ Peters- 
burg, theMoreain Turkey, '^c. 

Setting at thu eastern coast of Kamschatka, Jesus Island* Pal- 
merston Island, &c. between the FrienHly and Society Islands 

Noon at the luke Baikal in Irkoutsk, Cochin China, Cambodia, 
3unda Islands^ &c. 

Vertical at Batavia. 

Morning twilight at Sweden, part of Germany, the southern 
part of Italy, Sicily, the western coast of Africa along the ^Eihio- 
pian Oces^n, &r 

Evening twilight at the north west extremity of North America^ 
the Sandwich Islands, the Society IsJands, &c. 

Midnight at Labrador, New-York, western part of St Domingo, 
Chili, and the western coast of Soulii America. 

Day at the eastern part of Russia in iLurope,' Turkey, Egypt, the 
Cape of Good Hope, and all the eastern part of Africa* almost the 
whole of Asia, &c. 

Night at the whole of North and South America, the western 
part of Africa, the British Isles, France, Spain, Portugal, &c. 

2. When it is four o'clock in the afternoon at Lon- 
don, on the 25th of April, where is the sun rising, 

' setting, &c. &c ? 

Answer The sun's declination being 13® nbrth, the north pole 
must be elevated 13® above the horizon ; and, as the given time is 
four o'clock in the afternoon, the globe must be turned four hours 
towards the east ; then the sun will be rising at O'why'hee, &C4 
setting at the Cape of Good Hope, &c. it will be noon at Buenosi 
Ayres, &c ; the sun will be vertical at Barbadoes ; and, following 
the directions in the problem, all the otlier places are readily 
found. 

3. When it is ten o^clock in the morning at London, 

on the longest day, to ig^k^t countries is the sun rising, 
setting, &c, &c ? . t 

4. When it is ten o'clock in the afternoon at Botany 
Bay, On the 15th of October, where is the sun risings 
setting, &c. &c ? 

5. When it is seven o'clock in the morning at Wash* 



• The hour circles, in general, are not divided into parts lef s than 
a quarter of an hour, but the odd minutes are easily reckoned In 
this example having turned the globe westward till the ind^x has 
passed over seven. hours, then, because four minutes of time make 
one degree, reckon two degrees on the equator eastward^ and turn 
the globe till they pftss under the brass meridian. 
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t 

hiKtoii, on the 17th of February, where b the tun 
tbtng, fictting, 8cc. &c ? 

. 6. When it is midnight at the Cape of Good Hope 
ott the 27th of July, where ii| the sun rising, settings 
fcc* &c ? 

TJLOBhEU XXVIII. 

T0 find the time of the swCs rising and setting y and tht 
length t>fthe day and night at any place. 

Rule. Find the sun's declination (by Problem XX,) 
Md elevate the north or south pole, according as the 
declination is north or south, so many degrees above 
ike horizon as are equal to the sun's declination ; bring 
the given place to the brass meridian, ana set the incltx 
of the hour circle tS twelve ; turn the globe eastward 
till the given place comes to the eastern semi*circle of 
the horizon, and the number of hours .passed over hf 
the index will be the time of the sun'^ setting : deduct 
these hours from twelve, and you have the time of th^ 
sun's rising; because the sun rises as maDy hours before 
twelve a» it sets after twelve. Double the time of the 
sun's setting gives the length of the day, and double the 
time of rising gives the length of the night. 

By the same ruie^ the length of the longest day, at all places not 
ia the frigid zones, may be readily found ; for the longest day at' 
tM pUces in north, latitude is on tlie 21st of Jane, or when the sun 
enters Cancer ; and the longest day at all places in south httitude 
iaonthe 21 St of December or when the sun enters the sign Ca^ 
frieoro. 

OR, 

« 

Find the latitude of the given place, and elevate the 
aorth or south pole, according as the latitude is north 
or south; so many degrees above the horizon as are 
«qual to the latitude ; find the sun's place in the ecliptio 
^y Problem XX,) bring it to the brass meridian, and 
set the index of the hour circle to twelve ; turn the 
i;lobe westward till the sun's place comes to the western 
semi-circle of the horizon, and the number of hours 
passed over by the index will be the time of the sun's 
setting » and these hours taken from twelve will 

S'ye the time of rising; then, as before, double 
e time of setting gives the length of the day, and 
^double the time of rising gives the length of the night. 



^ 
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OR9 BY THE ANALSMMA. 

Fitid the latitude of the gi^en place, aad elevate die 
north or soiith pole, according as the latitade is north, 
or south, the same number of dt^grees above the hori- ' 
2on ; bring the middle of the analemma to the brass 
meridian, and set the index of theliour circle to twelve;' 
turn the giobe westward till the day of the month, oti 
the analemma conges to the western semi-circle of th6 
horizon, and the number of hours pa9^ed over by the« 
index will be the time of the sun's setting, &c. as 
above. 

Examples* 1. What time does the sun rise and set 
at London on the ITtb of July» and what is the leugdi 
of the day aad night ? 

, Answer. The sun sets at 8 and rises at(12—- 8sss)4^ 4ihe 
liength of the day U 16 hours, and the length of tl|e night *8! The 
leaner will readtiy pereeive that, if the time at which the smt* 
rises be given, the time at which it sets, together with the Idngd^* 
of the day and night, may be found without a globe ; if the iengtliL 
of the day be given, the length of the night, and the time the sua 
riaea and sets may be found ; if the length of the night be given, 
tlie length of the day and the Ume the sun rises and sete are eas^ 
known 

d. A.t what time does the sun rise and set at the &}«. 
lowing places, on the respective days mentioneil^ and 
what is the length of the day and night ? 
London, ITth of May. ICape of Good Hope, 7 Dec*, 
Gibraltar, 22d of July. |Cape Horn, 29th January., 



Edinburg, 29th January. 
Botany Bay, 20th February. 
Pekin, 20th of April. 



Washington, 15th Dec. 
Petersburg, a4th October* 
Constantinople, 18 Aug» 



3. Find the time the sun rises and sets at eveiy place- 
on the surf^ice of the globe on the 2l8t of MaFch> and 
likewise on the 23d of September. 

4. Required the length of the longest day and ahort« 
est night at the following place? : 

London Paris Pekin 

Petersburg Vienna ' . Cape Horn 

Aberdeen Berlin Washington 

Dublin Buenos Ajrres Cape of Good Hopcr 

Glasgow Botany Bay Copenhagen 

5. Required the lengths of the shortest day and 
longest night at the following places : 



!7 
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London Lima Paris 

Archangel Mexico • OVhy'hee 

O Taheitee St. Helena Lisbon 

Quebec Alexandria Falkland Islands 

6. How much longer is the 2 1st of June at Peters- 
burg than at Alexandria ? /y ^c^*^ 

7. How much lo«iger is the 21st of December at 
Alexandria than at Petersburg ? ^ 

8. At what time does the sun rise and set at Spit;2- ^ 
bergen on the 5 th of April ? 

PROBLEM XXIX. 

The kng^ef the day atony place being gvoen^tajind 
the mtCs decknation^ and the day of the month. 

Rule* Bring the given place to the brass meridian, 
and set the ihtiex to twelve ; turn the globe eastward 
till the index has passed over as many hours as are 
equal to half the length of the day ; keep the globe 
from revolving on its axis, and elevate or depress one 
of' the pole^ till the given place exatly coincides with 
the eastern semi-circle of the horizon ; tbe distance' 
of the elevated pole from the horizon will be the sun's 
declination : mark the sun's declination, thus foi^nd, on 
the brass meridian ; turn the globe on its axis/ and ob- 
serve what two points of the ecliptic pass under this 
mark ; seek those points in the circle of signs cm the 
horizon, and exactly against them, in the circle of' 
months, stand the days of the month required. 

OR, 

Bring the meridian passing through Libra* to coin- 
cide with the brass meridian, elevate the pole to the 
latitude of the place, and set the index of the hour circle 
to twelve ; turn the globe eastward till the index has 
passed over as many hours as are equal to half the 
Jength of the day, and mark where the meridian, pass- 



* Any meridian^ will answer the purpose, and the globe may be 
tamed either eastward or westward; but it is the most convenient 
to turn it eastward^ because the brass meridian is graduated on the 
esst side. 
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ing through Libra, is cut by the eastern semi-circle of 

the horizon ; bring this mark to the brass meridian,f 
and the degree above it is the sun's declination ; with 
which proceed as above. 

OR, BY THE ANALEMMA. 

3ring the middle of the analemma to the brass^me* 
ridian, elevate the pole to the latitude of the place, and 
set the index of the hour circle to twelve ; turn the 
globe eastward till the index has parsed over as many 
hours as are equal to half the length of the day ; thie 
two days, on the analemma, which are cut by the east* 
•rn semi-circ^e of the horizon, will be the days requir- 
ed ; and^ by bringing the analemma to the brass meri-' 
dian, the sun's declination will sta^id exactly above 
these days. 

Exampks. 1. What two days in the year are each 
sixteen hours long at London, and what is the sun's de^* 
clination I 

Answer. The 24Ui of .May and the 17th of July. The sun's 
declination is about 21^ north 

2. What two days of the year are each fourteen 
hours long at London I 

3. On what two days of the year does the sun set at 
half past seven o'clock at Edinburgh ? 

4. On what two days of the year does the sun rise at 
four o'clock at Petersburg ? 

5. What two nights of the year ar6 each ten hours 
long at Copenhagen f 

6. What day of the year at London i^ sixteen hours 
and a half long i 



f If Adams' g^lobes be used, the meridian passing through Libra 
U graduated tike the brass meridian* sod the declination is foun(f| 
at once. a 

■ • - / 
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PROBLEM XXX. 



To ^n J the kngth of the longest day at anyplace in the 

north* frigid zone* 

Rule. Bring the given place to the northern poiat of 
the horizon (by elevating or depressing the ppie,) and 
observe its distance from the north pole on the brass 
meridian ; count the same number oi degrees on the 
brass meridian tram d)e equator towards the north 
pole, and mark the place where the reckoning ends ; 
turn the globe on its axis, and observe what two points 
of the ecliptic pass under the above mark ; find those 
points of the ecliptic in the circle of signs on the hori- 
zon, and exacdy against them, in the circle of monthB, 
you will find the days on which the longest day begins 
and ends. The day preceding the Slst of June is that 
on which thef longest day begins at the given place, and 
the day following the 2l8t of June is tb%t on which the 
longest day ends : the space of time between these days 
is the length of the longest day. 

OR, BY THE ANALEMUA. 

Bring the given place to that part of the brass meri-^ 
dian which is numbered from the north pole towards 
the equator, and observe its distance in degrees from 
the pole; count the same number of degrees on the 
brass n^eridian from the equator towards the . north 
pole, and mark where the reckoning ends ; bring the 
^alemma to the brass meridian, and the two days 
which stand under the above mark will point out the 
beginning and end of the longest day. 

Examples. 1. What is the length of the longest day 
Vat the North Cape, in the island of M aggeroe, in lati- 
We n° 30' north ? 

r Answer. The place is 18J** from the pole ; the longest day be- 
|gins on the 14th of Nf ay, and ends on the 30th of July ; the d»y is 
I therefore seventy-seven days long, that is, ihe sun does not set 
(■during seventy-seven revolutions of the earth on its axis. 

L L. ^ 

l^* The south frigid zone being uninhabited (at least we know of no 
r nabitants) the problem is not applied to that zone ; however, the 
r< lie is general, reading south for noith» and «lst of December for 
th ^2UtofJune. 

f 
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3, What is the length of the longest day in the north 
of Spttzbergen, and on what days does it begin and 
end: 

3. What is the length of the longest day at the north* 
em extremity of Nova Zembla ? 

4. What is the length of the longest day at the north 
pole, and on what days does it begin and end ^ 

PROBLEM XXXI. 

, To find the Imgth of the longest night at any place in 

the north* frigid zone. 

Rule* Bring the given place to the northern point of 
llie horizon (by elevating or depressing the pole,) and 
observe its distance from the north pole on the brass 
meridian; count the same number of degrees on the 
brass meridian from the equator towards the south pole, 
and mark the place where the reckoning ends ; turn the 
globe on its axis^ and observe what two points of the 
ecliptic pass under the above mso-k ; find those points 
of die ecliptic in the circle of signs in the horizon, and 
exactly against them^ in the circle of months, you will 
find the days on which the longest night begins and 
ends. The day preceding the 21st of December is 
that on which dbe longest night begins at the given 
place, and the day following U\e 2l8t of December is 
that on which the longed night ends : the space of 
dme between these days is the length of the longest 
night* 

OR, BT THE ANALFMMA* 

Bring the given place to that part of {he brass meri- 
dian which is numbered from the north pole towards the 
equator, and observe its distance in degrees from the 
pole ; count the same number of degrees of the brass 
meridian from the equator towards the south pole, and 
mark where the reckpning ends \ bring the analcmma 



* Tlu8 problem is equally upplicable to any place in the south 
fHeid zone, and the rule will be general by reading south for north. 
And the contrary ; likewise, instead of the Slstof December read 
the 2lBt of June. 
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to the brasft meridiaD, aad the two <tay« which sttmd 
under the above mark will point out die begimiiiig aad 
end of the longest night. 

Examples. 1. What is the length of the longest 
night at the North Cape, in the island of MaggeroC} m 
latitude 71° 30' north I 

Answer, rhe place is 18^^ from the pole ; the loiwest nieiat 
begins on the I6lh of November, and ends on the 27th of January : 
the night is therefore seventy-three days long, that is, the sun 
does not rise during seventy-three revolutions of the earth on its 
axis. 

2. What is the length of the longest night at the 
north of Spitzbergen ? 

3* The Dutch wintered in Nova ZemUa, latitude 
76 degrees north, in the year 1596 : on what day of the 
month did they lose sight of the sua ; on what day of 
the month did he appeiu* again ; and how many ^m 
were they deprived of his appearance^ setting aside the 
effect of refraction ? 

4. For how many days are the inhabitants of the 
northernmost e^ctremity of Russia deprived of a sight of 
the sun I 

PROBLEM XXXII. 

To Jind the number of days which the sun rises and seta 
at any place in the north* frigid zone. 

Rule. Bring the given place to the northern point of 
llie horizon (by elevating or .depressing the pole,) and 
observe its distance from the north pole on the brass 
meridian ; count the same number of degrees on the brass 
meridian, from the equator towards the poles northward 
and southward) and make marks where the reckoning 
ends ; observe what two points of the ecliptic, nearest 
to Aries, pass under the above marks ; these points 
will shew (upon the horizon) the end of the longest 
night and the beginning of the longest day ; during the 
time between these days the sun will rise and set every 
twenty-four hours : next observe what two points of 
the ecliptic, nearest to Libra, pass under the marks on 
the brass meridian ; find these points, as before^ in the 



• The same might be found for a place in the south irigid zfiv^t 
"were that zone inhabited* 
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circle of «igns, and against them you will find the day 
on which the longest day ends at the given place, and 
the d^y on which the longest night begins ; during the 
time between these days the sun will rise and set 
ereiy twenty-four hours* 



OR, 

Find the length of the longest day at the given place 
{by Prob. XXX.) and the ieng^ of the longest night 
by Problem XXXI.) add these together, and subtract 
e sum from 365 days, the length of the year, the re- 
mainder will shew the number of days which the sua 
rises and sets at that place. 



'tti 



OR, BT THE ANALEMKA. 

Find how many degrees the given place is from the 
north pole, and mark those degrees upon the brass 
meridian on both sides of the equator ; observe what 
four days on the analemma stand under the njarks on 
the brass meridian ; the timt between those two days on 
the left hand part of the analemma (reckoning towards 
the north pole) will be the number of days on which the 
sun rises and sets, between the end of the longest night 
and the beginning of the longest day ; and the time be* 
tween the two days on the right hand part of the ana- 
lemma (reckoning towards the south pole) will be the 
number of days on which the sun rises and sets, be- 
tween the end of the longest day and the beginning of 
the longest night. 

Examples. 1, How many days in the year does the 
sun rise and set at the north Cape, in the island of 
Maggeroe, in latitude 71° 30' north ? 

Answer. The place is 18^^ from the pole, the two points in 
the ecliptic, nearest to Ai'ies, which pass under 18}** on the brass 
meridian are 8® in ^, answering to the 27th of January, and 24<* in 
^ , answering to 14th of May. Hence the sun rises and sets for 
lOr dajrs, viz. from the end of the longest night, which happens on 
the 27th of January, to the beginning of Uie longest day, which 
happens on the 14th of May Secondly, the two points in the eclip« 
tic, nearest to Libra, which pass under 18^*^ on the brass meri- 
dian, are 8^ in St» answering to the 30th of July, and 24** in n^, 
answering to the 15ih of November. Hence the sun rises and sets 
for 108 days, viz. from the end of the longest day. which happens 
on the 30th of July, to the beginning of the longest night, which 
happens on the 15th of November ; so that the whole time of the 
•un's rising and setting is tTS days. 
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oa, THVS: 
The length of the long^eBt d«y» by Example Ist^ Prob. XXX ui 

*t*if days, ue length of the longest night, by Example Ist, i rob. 
XXXI. is 7Z days ; the sum of these is 150, which deducted froiii 
565, leaves 215 days, as above. 

2* How many days in the year does tlie sun rise 
and set at the north of Spitzbergen ? 

3. How many days does the sun rise and set at 
Greenland, in latitude 75^ north \ 

4. How many days does the sun rise and set at the 
northern extremity of Russia in Asia \ 

PROBIEM XXXItl, 

To find in what dtgrte of north latitudey on any da^ 
between the %Ut oj March and the 2Ut ojjune^ or in 
what degree of south latitude, on any day between 
the ^Sdof September and the 21st of December, the 
sun begins to shine constantly without setting ; and 
also in what latitude in the opposite hemisphere hebt" 

' gins to be totally absent. 

Rule. Find the sun's dedisation (by Prob. XX.) 
and count the same number of degrees from the north 
pole towards the equator, if the declination be north, 
or from the south pole, if it be south, and mark die 
point where the reckoning ends ; turn the g^obe on its 
axis, and all places passing under this mark are those 
in which the sun begins to shine constantly without 
setting at that time : the same number of degrees from 
the contrary pole will point out all the places where 
twilight or total darkness begins. 

Examples, 1. In what latitude north, and at what 
places does the sun begin to shine without setting dur« 
ing several revolutions of the earth on its axis, on the 
14th of May ? 

Answer. The sun's declination is 18^^ north, therefore all 
places in latitude 7l|° north ytiM be the places sought, viz. the 
north Cape in Lapland, the soutliem part of Nova Zembla, Icy 
Cape, &c. 

2. In what latitude south does the sun begin to 

shine without setting, on the 18th of October, and in 

what latitude north does he begin to be totally absent? 

Answer The sun's declination is 10^ south, therefore he be« 

gins to shine constantly in latitude 80^ souths where there ure do 
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inhabitintt known, and to be totally absent in latitude 80^ north, 
viz at Spitzbergen 

3. In vrhat latitude does the sun begin to shine withp 
out setting on. the i^Oth of April ? 

4. In virhat latitude north does the sun begin to shine 
witnout setting on the 1st of June, and in what degree 
of south latitude does it begin to be totally absent i 

PROBLEM XXXIV. 

Any number of days not exceeding \ 82, being" given^ to 
Jind the parallel of north latitude in which the %un 
does not set for that time. 

.Rule. Count half the number of days from the 21st 
of Jaae on the horizon, eastward or westward, and 
opposite the last day you will find the sun's place in 
the circle of signs ; look for the sign and the degree on 
.the ecliptic, which bring to the brass meridian, and ob- 
serve the sun's declination \ reckon the same number 
of degrees from the north pole, (on that part of the 
brass meridian which is numbered from the equator 
towards the poles) and you will have the latitude 
sought. 

Examples, 1. In what degree of .north latitude, and 
at what places, does the sun continue above the hori- 
zon for seventy-seven days ? 

Answer Half the number of days is 38}, and, if reckoned back- 
ward, or towards the east* from the 2 1st of June, will answer to 
the 14th of May j and if counted forward, or towards the west, 
will answer to the 30th of July ; on either of which days the sun's 
declination is 18$ decrees north, consequently the places sought 
are 18$ degprees from the north pole, or in latitude 71$ degrees 
north . answering to the North Cape in Lapland, the south part of 
Nova Zcmbla, Icy Cape, &c 

2. In wiiat degree of north latitude is the longest 
day 134 days, or 3216 hours in length ? 

3. In what degree of north latitude does the sun 
continue above the horizon for 2 160 hours ? 

4. In what degree of north latitude does the sun con-, 
tinue above the horizon for 1152 hours ? 



^ 
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FKOBLIlK XXXV. 



Tofindthehegmningy endy and duration of twilight Mt 

any place^ on any given day, 

' Rule. Find the sun's declination for the given day r 
(by Probiem XX.) and elevate the north or south poile^ 
according as tae declination is north or south, so ma*/ 
ny degrees above the horizon as are equal to the sun's * 
declination ; screw the quadrant of altitude on the 
brass meridian, over the degree of the sun's deelinst* 
tion ; bring the given place to the brass ineri*^ 
dian, and set the index of the hour circle to twelve : 
turn the globe eastward till the given place comes to 
Ihe horizon, and the hours passed over by the iadea:^ 
will shew the time of the sun^s setting, or the beginninj^- 
of evening twilight : continue the motion of the globes 
eastward, till the given place coincides with 18^ on 
the quadrant of altitude below"* the horizon, the time": 
past over by the index of the hour circle, from the time' 
of the sun's setting, will be the duration of evening 
twilight. The morning twilight is the same length. T 

OR, THUS : '^ 

Elevate the north or south pole, according as the. 
latitude of tbe given place is north or south, so many" 
degrees above the horizon as are equal to the latitude ;^' 
find the sun^s place in the ecliptic, bring it to the brass, 
meridian, set the index of the hour circle to twelve^ ^ 
and screw the quadrant of altitude to the brass meridiaa 
over the given latitude ; turn the globe westward oq^r 
its axis till the sun's place comes to the western edge 
of the horizon, and the hours passed over by the in- 
dex will shew the time of the sun's setting, or the begia-fr 
ning of evening twilight ; continue the motion of die; 
globe westward till the sun's place coincides wiUi 18^ 
on the quadrant of altitude below the horizon, the.- 
time passed over by the index of the hour circle, from * 
the time of the sun's setting, will be the duration of 
evening twilight. 



* The quadrant of altitude belonging to our modern globes is 
always graduated to 18 degrees below the horizon. 
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Oft, BY THE AMALEMMA. 

Elevate the pole to &e latitude of the place, as above, 
and screw the quadrant of altitude upon the brass me- 
ritiian over the degree of latitude ; bring the middle of 
the analemma to the brass meridian, and set the index 
of the hour circle to twelve ; turn the globe westward 
till the given day of the month, on the analemma, comes 
to the western edge of the horizon, and the hours pass* 
ed over by the index will show the time of the sun^s 
setting, or die beginning oi evening twiiight : continue 
the motion of the globe westward till the given day of 
the mcmth coincides with 18^ on the quadrant below 
die horizon,?; the time passed over by the index, from 
the time of the sunls setting, will be the duration of 
evening twilight. 

Examples. 1. Required the beginning, end, and du-^ 
ration of morning and evening twilight at London, on 
the 19th of April. 

Answer. The sun sets at two minutes past seven, and rises at 
fiftv-eight minuteft past four : the duration ot twilight is two hours 
waA. seventeen minutes; eonsequently, evening twilight ends at 
nineteen miotttea past nine» and morning twilight begins, or day 
^leaks^ at forty-one minutes past two. 

3» What is the duration qf twilight at London on 
the 23d of September? what time does dark night beginf 
and at what time does day break in the morning ? 

Answer. The sun sets at six o'clock^ undthe duration of twilight 
i» two hours ; consequeatly, Uie evening twihglit ends at eight , 
•'clock, and the morning twilight begins at four. 

3. Required the beginning, end, and dttrattou of 
morning and evening twilight at London, on the 35th 
of August. 

4. Required the beginning, end^ and duration of 
morning and evening twilight at Edinburgh, oq the 
SOth of February. 

5. Required the beginning, end, and duration of 
morning and evening twilight at Cape Horn, on the 
20th of February. 

6. Required the beginning, end, and duration of 
morning and evening twilight at Madras, on the 15th 
of June« 

F f 
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f^AOBhBU XXXVI. 

To find the heginmng^ end j and duration ofconstdn^^if 

or twUight at any place. 

Rule* Find the i^tuude of the given place, and ^da 
18^ to that latitude; count the nuuioer of degrees cor-H 
respondent to tJie suin, on mat part of the « j?r£^s meri- 
dian wnich IS numoered from the pole ^^ards the 
equator, mark v^tiere tne reckoning ends, and observe 
what t<¥0 points of the echptic pass under the mark, i^ 
tliat point wnerein the sun's decimation is mcrea^iag^ 
will show on the Horizon the beginning ol constant 
twiiight ; and that point wherein xhe sun s declination 
is decreasing, will show tiie end of constant twilighU 

Exumpleam !• vVnen do we begin to have constant 
day or twiiignt a| liondon^ and how long does it con* 
tinuef 

Answer. The latitude of London is 51^ degrees north* to which 
add Id degrees, the sum is 69^1 the wo points of the echptic 
wtiich pass under 69^ are two degrees m n* answering to the 
22nd ot^fnyf and 29 degrees in js$ answering to the 2Ut of Julj $ 
so Liiat, from the 22nd of Afay to the ^tst ot July^ the sun nevd^ 
descends li$ degrees below the horizon of London. V. 

2. When do the inhabiunts oi the Shetland^lMmd^ 
cease to have constant day or twihght i 

3. Can twiiight ever continue from sun^set to suff'- 
rise at Madrid? ' 

4. vVhen does constant day or twiiight begin at 
Spitzbergenf 

5. Wtiat is the duration of constant day or twilight 
at the North Cape in JLapiand, and on what day after 
their long winter^s nignt, does the sun's rays first enter 
the atmo^pnere^ 



* If, afler 18 degrees be added to the latitude, the distance from 
the pole will not reach the ecliptic, there will be iio constant v. wi« 
light at the given place : riz- to thie giinen latitude add 13 degrees^ 
and subtract the sum from 9%;, if the remainder exceed 23^ degrees^ 
there can be no constant twilight at the given place* 
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PROBLEM XXXVII. 

To find the duration of trvoiltght at the north pole. 

Rule. Elevate the north pole so that the equator may 
coincide with the horizon ; observe what point of the 
ecliptic, nearest to Libra, passes under 18^ below the 
horizon, reckoned on the brass meridian, and find the 
day of tht:: month correspondent thereto; the time elap- 
sed from the 2dd of September to this time will be the 
duration of evening twilight. Secondly, observe what 
point of the ecliptic, nearest to Aries, passes under 18^ 
below the horizon, reckoned on the brass meridian, and 
find the day of the month correspondent thereto » the 
time elapsed from that day to the 'ZluX of March wilt 
be the duration of morning twilight. 

Example. What is the duration of twilight at the 
north pole, and what is the duration of dark night 
there? 

\nswer. The point of the ecliptic oearest to Libra which passes 
under iS depp^ees below the horizon, is 22 degrees in TC[^% answer- 
ing to the 13th of November ; hence the evening twilight continues 
|ro«i the 23d of September (the end of the longest day) to the 
13th of November (the beginning of dark nighty being 51 days* 
The point of the ecliptic nearest to Aries which passed under 
18 degrees below the horizon is 9 degrees in 'Sp', answering tp 
the SM^^f January ; hence the morning twiUgm continues from 
the 29th of January to the Slat of March (the beginning of the long* 
•St day) beinir fifty-one days. From die 23d of September to the 
2l8t of March are 179 days, from which deduct 102 (as 51 x 2), 
the remainder is 77 days, the duration of total darkness at the norU) 

S»le ; but, even during this short period, the inoon and the Auroras 
orealis shine with uncommon splendour. 



PROBLEM XXXVIII. 

To find in what climate any given place on the globe is 

situated. 

Rule. t. If the place be not in the frigid zones, find 
the length of the longest day at that place (by Problem 
XXVI II. and subtract twelve hours therefrom; the 
number of half hours in the remainder will show the 
climate. 



2. If the place be in the Mgid zone,* fiiid^ lengdi 
of the longest day^at tliat plabe (by Prc^lem XXX), and 
If that be less than thhty days, the place is in ike twen* 
ty-fifth climate, or the first widiiii die polar circle. If 
more than thirty and less than sixty, it is in the twenty* 
sixth climate, or the second within the polar circle : if 
more than sixty, and less than ninety, it is in the twen* 
ty-sevendi climate, or the third within tbt pdlar tir« 
cle, &c. 

Examples. U In what climate is London, and what 
other remarkable places are situated in the same di* 
ittate? ' . ' !y 

Answer. The bngest cUy at London is 16} houft, if we de^KOt 
i2 U^erefrdiDy tlie reniainde^ will be 4} boors, or nine bidf bourtt 
hence Londoii is the 9tb climate nortli of the ecjuator;* and* as «i| 
jplaces in or near the same latitude are in the same climate, vre 
thall find Amsterdam, Dresden, Warsaw, Irkotrtsk, the southent 
pait of the peninsula of Kamtschatca^ Nootka Sound, the south d 
Hudson's^ Bay, the north of Newfoundland, &c. to be in the ^me 
climate as London.o-^The learner is requested to turn to the oot^ to 
Definition 6dth, at page 15 and 16. ' 

2. In what climate is the North Cape in the island 
of Maggeroe, latitude 71^ 30' worth. , 

Answer. The length of the longest day is 77 days s^ these days 
divided hv 50, give two months for the quotient, and a remainder 
of 17 days ; hence the place is in the third climate Within the polar 
circle, or the 9T\h climate reckoning from the equator. The south* 
em part of Xova ^embla, the northern part of Siberia, James* island* 
Baftin'a Bay, , iJienorthem part of Greenland, && are in |he same 
climate. S 

3. In what climate is Edinburgh, and what other pla- 
ces are situated in the same climate ? 

■ '' . > "/ ' J - I t i j i' l I I ; i ) ■ ■'■' ' ■■ - I II ' I I I III » ir I II i n ^p n i I II — ..iw^— «— ..» I I »^— ..^ 

* The olimates between th^ polar circles and the poles were un- 
known to the ancient geographers ; they i-eckoned only spven* cli- 
mates north of the equator. The middle of the first northern eti- 
mate they mafie to. pass through Meroe, a city of Ethiopia, buift by 
Camb) ses on an island in the Mile, neaHv under the tropic of Caiv> 
cer ; tl>e second through Syene, a city of Thebais in Upper £g>^t» 
near the cataracts of the Nile ; the Uiird through Alexandria; tne 
fourth through Rhodes ; the fiM through Rome or the Hellespont 9 
the sixth through the mouth of the Borystbenes or Dnieper, and 
, the seventh throu^ the Riphxan mountains, supposed to be situa- 
ted near the source of the Tanais or Don river. Tiie southern parts 
of the earth being in a great measure unknown, the climates re- 
ceived their names from the northern ones, and not from particular 
towns or places. Thus the climate which was supps5ed to be at 
the same distance from the equator south ward» as Meroe was 
north wai*d, was called Antidiameroes, or the opposite climaie to 
Meroe i AntidiasyeneSj, was the opposite climate to Syenes, &c. 



v<4kr Ia what climate is Ae merth «f Spitzbergen ? 

5. In what climate is Cape Hornf 

6. fa what climate is Botaay Bay^ and what «tber 
places are situated in the same climate i 

FROBLllt XXXtX. 

T0 'foul the breadths af lAr severml climates betwemi 
the equator and the polar circles. 

'- Rule. For the northeim climates. Elevate the north 

Eole 2d|^ above the northern point of the horizon^ 
ring the sign Cancer to the meridian^ and set the indet 
K twelve ; turn the globe eastward cm its a^is till th^ 
dex has passed over a quarter of an hour ; observe 
chat particular point of the meridian passing through 
Libni, which is cut by the horizon^ and at the point of 
intersection make a mark with a pencil : continue the 
motion of the g^obe eastward till the index has passed 
over another quarter of sm hour, and make a second 
Inark ; proceed thus till the meridian passing through 
Libra* will no longer cut the horizon; the several 
marks brought to the brass nieridian will point out the 
latitude where each climate ends.f 

Examples. 1. What is the breadth of the ninth nordi 
climate, and what places are situated within it? 

Answer. The breadth of the 9th climate is 2« S7\ it befpns in 
latitude 49^ 2' north, and ends in btitude 51^ 59' north, and all plu- 
ces situated within this space are in the same climate The places 
will bf^ nearlj the same as those enumerated in the first example 
to the preceding problem. 

2. What is the breadth of the second climate, an4 
in what latitude does it begin and end ? 

3* Required the beginning, end, and breadth df the 
fifth climate* 

4 -What is the breadth of the seventh climate north 
of the equator ? in what latitude does it begin and end f 
and what places are situated within it i 



. , * ^p Adam's globes, the meridian passing through Libra is di- 
vided into degrees, in the sane manner as the brass meridian is 
divided ; the horizon will, therefore, cut this meridian in the seve-* 
rat degrees answering to the end of each climjite, without the 
trouble of bringing it to the brass meridian, or marking the globe, 
t See a Table of the climates, with the method of constructing^ 
. % at pages 16 and ir. 
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To find that pqrt of the equation of time which depends 
on the obliquity of the ecliptic. 

Rule. Find the sun's place in the ecliptic, and brings 
it to the brass meridian ; count the number of degrees 
from Aries to the brass meridian, on the equator and 
on the ecliptic ; the difference reckoning fbur minutes 
ot lime CO a degree, is the equa* 
don of time« It the nuniber of 
degrees on the ecliptic exceed 
those on the equator, the sun is 
fasicr than the clock ; but, tf the 
SU'uber ot degrees on the equa- 
l$or exceed those on the ecliptic, 
the sun is slower thaii the clock. 

>ioU- The equHtum of timtr, or dif- 
le ence between the time shown by a 
well regtiiated clock, and A true su - 
4iti> dep«i)dii upofi two causes ; ▼iz. the 
obl'iqiuty of the ecliptic, and the un- 
eqv^ motion nf the earth in its orbit. 
"Thr- former of these causes .may be ex- 
plained by the above problem. If two 
suns were to set off at t^e s^me time 
ft nj the point Aries, and move over 
equal spaces in equal time, the one on 
the ecliptic, the other on the equator, 
it is evident they would never come to 
the meridian together, except at the 
time of the equinoxes, and >n the long- 
est and shortest days. The annexed 
Table shows how much the sun is fast- 
er or slower than the ctock oueht to be, 
so far as the variatioA depends on the 
obliquity of the ecliptic only The signs 
of the first and third quadrants of the 
echpticare at the lop of the table* 
lUid the degrees in these signs on the 
left band; in any of these s^Sy the aun 
is faster than the clock. The signs of 
the second and third quadrants are at 
the bottom of the table, an4 the de- 
m- ees in these sig^^ at the right hand ; 
in any of these sig^, the sun is slower 
than die clock. 

rhtis, when the sun is m 20 degrees 
of ^ or n|^, it is 9 minutes 5G seconds 
faster than the clock: and when the 
sun is in 18 degrees of og or y}, it is 
6 nunutes 2 ae^wnda slower than the 
do^ 
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Examples. U What is the equation of time on the 
irthofjuly? 

Answer The degrees oi. the equator exceed the degrees on the 
ecliptic by two : hence the sun is eight minutes slower than the 
clocii.* 

S. On what four days of the year is the equation of 
dme nothing? 

3. Wtiat is the equsuion of time dependant on the 
obliquity of the ecliptic on the 2rth of October i 

4. When the sun is 18^ of Aries, what is the equa* 
0on of time i 

*» 

PROBLEM XLI. 

TPoJindthe mr^s meridian altitude at any time af the 
\ year at any given place* 

t Rule. Find the sun's declination, and elevate the. 
|K>le to that declination ; bring the given place to the 
brass meridian, and count the number of degrees be* 
tween it and the horizon ; these degrees will show the 
sun's meridian altitude*! 

OR, 

Elevate the pole so many degreies above the ho- 
rizon as are equal to the latitude of the place ; find 
Ae sun's place in the ecliptic, and bring it to that part 
of the brass meridian which is numbered from the 
equator towards the poles ; count the number of de- 
grees contained on the brass meridian between the 
sun's place and the horizon, and they will show the 
altitude4 

OR, BY THE AMALEMMA. 

Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place ; find the day of 



• The learner will observe, that the equation of time here de- 
terminedy is not the true equation, as noted on the Tth circle on ^he 
horizon of Bardin's g'lobes : the equation df time there given cannot 
Ibe detc mined by the globe. 

t See Prf»blem XXI. 

t Sec Problem XXH. 



224 mOBlEVS PEAFOllMED BY 

die month on the analemma, and bring it to that patt 
of the brass meridian wnich is numbered from the 
equator towards the poles ; count the number of de« 
grees contained on the brass meridian between the 
given day of the mpnth and the horizon, i|nd they will 
ahow the altitude. 

£mmflesm U What 13 the sun's meridian altitude at 
London on the 21st of June i 

An^kWer. 62 degrees. 

2. What is the sun's meridian altitude at London oa 
the 21st ot March? 

3. What is the sun's least meridian altitude at Lon* 
don i 

4. What is the sun's greatest meridian altitude at 
Cape Horn ? 

5* What is the sun's meridian altitude at Madras on 
dieiOthof June I 

6. What is the sun's meridian altitude at Bencoolea 
on the 15 th of January ' 

PROBLEK XLII. 

When it is midnight at any place in the temperate or 
tarridzones^ to find the stm^s altittuie at any place (on 
the same mertdianj in the north frigid zone^ where 
the sun does not descend below the horizon* 

RiUe. Find the sun's declination for the given day, 
and elevate the pole to that declination ; bring the place 
(in the frigid zone) to that part of the brass meridian 
which is numbered from the north pole towards the 
equator, and the number of degrees between it and the 
horizon will be the sun's altitude* 

Elevate the north pole so many degrees above the 
horizon as are equal to the latitude of the place in the 
frigid zone ; bring the sun's place in the ecliptic to the 
brass meridian, and set the index of the hour circle to 
twelve ; turn the globe on its axis till the index points 
to the other twelve ; and the number of degrees be* 
tween the sun's place and the horizon, counted on thr 
brass meridian toward that part of the horizon marked 
north, will be th^ sun's altitude. 
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'Mfcwupka* I. What b the sun's altitude at the 
JNbnh Cape in Lapland, when it is midnight at AleK- 
jrndria in clgypt on the 21st of June ? 

Answer. 5 deg-rees. 

2* When it is midnight to the inhabitants of the isl« 
and of Sicilf on the 2®d of May, what is the sun's alti* , 
tude at the north of Spitzbergen, in latitude 60^ north ? 

/3» What is the %\m^% altitude at the north east of 
If ova Zembla, when it is midnight at Tobolsk, on the 
15th of July ? 

4. What is the sun's altitude at the north of Baffin's 
Bay, when it is midnight at Buenos Ayrcs, on the 
«8thoifMay> 

>110BL£M SLLIII. 

T0jind the sun^s amplitude' at any place, 

. Xuk* Elevate the pole so many degrees above the 
ikdrizbn ^ are equal to the latitude of the given place i 
fed the sun's |il^e in the ecliptic, and bring it to the 
eastern semi-circle of die hoiizon ; the number of de« 
f;rees from the sun's place to the east point of the hori- 
jfio^ will be^tke cising ampUtude : bring the sun's place 
ttxthe western .semi-circle of the horizon, and the num* 
ber of degrees from die sun's place to the west point of 
the horizon will be the setting amplitude. 

Cdwate the pole so many degrees above the horizem 
as are equal to the latitude of ^e place ; bring the day 
of the month on the analemma to the eastern semi-circle 
ofthe horizon*: the number of degrees from the day 
of the month to the east pmnt of die horizon will be 
the rising amplitude : bring the day ofthe month to the 
western semi-circle of the horizon, and the number of 
degrees from the day of the month to the west point of 
the horizon will be the setting amplitude. 

Examples. 1. What is the sun's amplitude at Lon<« 

don on die 21st of June ? 

Answer. 39« A9f to the north of the east, and Z^^ 48' to the 
aoflhof the west 

' -2. On what point of the compass does the sun rise 
and set at London on die 1 7th of May ^ 
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3* On what point of the compass does the sun ti^ 
and set at the Cape of Good Hope on the 21st of De:^ 
member i 

4. On what poii^t of the compass does the sun rise 
and set on the 21st of March ? 

5. On what point of the compass does the sun rise 
and set at Washington on the 21st of October i 

6. On what point of the compass does the sun rise 
and set at Petersburg on the 18th of December S 

PROBLEM XLIV. 

Tojindthe stints azimuth and his altitude at any. plcK€^ 
the day and hour being given* 

Ruk. Elevate the pole so many degrees above the 
horizon as are equal to Ae latitude of the place^ and 
screw the quadrant of altitude on the brass meridian^ 
over that latitude ; find the sun*s place in the ecliptic, 
bring it to the brass meridian, and set the index of the 
hour circle to twelve ; then, if the given titiiebe he* 
fore noon, turn the globe eastward * as many houra 
as it wants of noon ; but, if the given time be past 
noon, turn the globe westward as many how^ s» it b 
past noon ; bring the graduated edge of the quadrastt 
of altitude to coincide with the sun's place, thc^n the 
number of degrees on the horizon, reckoned from the 
north or south point thereof to the graduated edge of 
the quadrant,^ win shew the azimuth ; and the number 
of degrees on the quadrao^ counting from the horixon 
to the sun's place, will be the sun^s altitode^ 

ORf B7 THB ANALEMMA. 

Elevate the pole so many degrees above the horizon 
as are equal to the latitude of the place, and screw the 
quadrant of altitude on the brass meridian, over that 



* Whenever the pole is elevated for the latitude of the placed the 
proper motion of the ^lobe is from east to west, and the sim is wt 
the east side of the brass meridian in the moming^^and on the inrett 
side in the afternoon ; but, when the pole is elevated for the sun's 
declination, the motion is from west to east, and the place is on 
the west side of the meridian in the moming^a and on the east nde 
in the aflemoon. 
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trtildde ; btiiig the middle of the analemma to the 
^rass meridian, and set the index of the hour circle to 
twelve ; then, if the given time be before noon, turn 
the globe eastward on its axis as many hours as it wants 
of noon ; but, if the given time be past noon, turn the 
globe westward as many hours as it is past noon ; bring 
the graduated edge of the quadrant of altitude to coin- 
^de with the day of the month on the analemma, then 
the number of degrees on the horizon, reckoned from 
the north or south point thereof to the graduated edge 
of the quadrant^ will shew the azimuth ; and the num- 
^r !of degrees on the quadrant, counting from the hori- 
zon to the day of the 'month will be thp sun's altitude* 

Examplesm 1. What is die sun's altitude, and his 
azimuth from the north, at London^' on the first of 
May, at ^en o'clock in the morning ^ 

Answer. The altitude is 47°, and the aidiiiiith from the north 
;]Ld6°, or from the south 44"^. 

2* What is the sun's altitude and azimuth at Peters- 
burg on the 13th of August, at half past 4ye o'clock 
in the morning ? 

3. What is the sun's azimuth ax^d altitude at Anti- 
gua, on the :21st of June, at half past six in the mom,« 
mgi and at hatf pa^t ten l^ 

4. At Qarbadoes on the 2Pth pf May, when the* 
sun'a declination is 20 degrees north, required the 
time of th^ sun's appearing on the same azimuth, twice in 
die f^renoc^ and twice \n the afternoon i < 

5. On d^e 13]tb pf August at half past eight o'clock 
in the morning, at sea in latitude 57^ N. the observed 
azimuth of the sun was S. 40^ 14' £., what was the 
sun's altitude, hid true azimuth, and the variation of 
die compass ? 

6. On the 14th of January, in latitude 33° 52' S., at 
half past three o'clock in the afternoon, the sun'sinag- 



* ^t aU places in the torrid asone, whenever the declination of 
the sun exceeds the latitude of the place, and both are of the same 
name, Uie sun \idU appear twice in the forenoon and twice in the 
afternoon, on the same point of the compass, and will cause tlie 
shadow of an azimuth dial to go hack seyeral degrees. In this ex* 
ample, the sun's azimuth at the hours i^ven above will be 69^ from 
the noirth towards the east ; and at half past eight o*olock» the sui^ 
will appear to have the same azimuth for some time. 



X 
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netk azhnuth was observed to be-N. 63^ SV W. ; what 
was the true azhnuth, the variation of the compass^ 
and the sun's altitude i 



PROBLEM XLV. 

The latitude of the place^ day of the months and the 
sun's altitude beinff given^ to find the sun^s azimuth, 
and the hour of the dayJ^ • 

Rule, Elevate the pole so many de^ees above the 
horizon as are equal to the latitude of the place, and 
screw the. quadrant of altitude on the brass meridian^ 
over that latitude ; bring the siin's place in the ecii{H 
tic to the brass n^eridian, and set the index of the 
hour circle to twelve ; turn the globe on its axis till 
the sun's place in the ecliptic coincides with the given 
degree of altitude on the quadrant ; the hours passed 
over by the index of the hour circle will shew the time 
from no(M39 and the azimuth will be found on the hori- 
;con, as in the preceding ptobletn. 

^ QR, BY THE ^NALKMMA* 

Elevate the pole to the latitude of the place, awcl 
screw the quadrant of altitude over that latitude ; bring 
the middle of the analemma to the brass meridian^ and 
set the index of l^e hour circle to twelve ; move the 
globe and the quadrant till the day of the month coin- 
cides with the given altitude, the hours passed over by 
the index will shew the time fiom nooui^ and the azK 
muth will be found in the horizon, as before. 

Examples4 \ . At what hour of the day on the 21«t 
of March is the sun's altitude 22^^ at London, and 
what is' his azimuth i The observation bebg made in 
the afternoon. 



MfHH 



• This problem is only a vtu-iation of the preceding ; for, by tfce 
nature of spherical trigonometry, any three of the ibllowing quan- 
tities, viz the latitude of the place, the sua's declination, altitude, 
azimuth, or time of the day, being given, the rest may be found, 
admitting of several variations A large collection of Astronomical 
Problems may be found m Keith's Trigonometry, page 223), These 
problems are useful exercises on the globes. 



Amvf^ Tbe tine tfoA noon wiU be fowd to W S liours SO 

]ninutes« and the azimutli 59^ 1' from the south towards the west. 
' Hrtd tbe observation been niiade belbre noon, the time from noon 
would have been '^ hours, viz. it would have been SO minutes pa$tt 
eight in the morning, and the ajsimuth would have been 59^ t'ironft 
the south towards the east.* 

2. At what hour on the "dth of |i<arch is the ^un'al 
altitude 35^ at London, and what is bis azimuth i 
The observation being made in the forenoon. 

3. At what hour on the 18th of May, is the sunlar 
altitude 30^ at Lisbon, and what is the azimuth i The 
^servation being made in the afternoon. 

4. Walking along the side of Q,ueen*square in Lonr 
don, on the 5th of August in the forenoon, I observed 
the shadows of the iron-rails to go exactly the same 
length. as the rails themselves ; pray what o'clock was 
it, and on what point of the compass did the shadows^ 
of the rails fall i 



^ 



PROBLEM XLVI. 

Given the latitude of the place^ and the datf of the mpnth^ 
to find at what place the sun is due east or ^est. 

Rule. Elevate the pole so many degrees above the 
^horizon as are equal to the latitude of the place, find 
the sun's place in the ecliptic, bring it to the brass me- 
ridian, and set the index of the hour circle to twelve ; 
screw the quadrant of altitude on the brass meridian, 
over the given latitude, and move the lower end of it 
to the east point of the horizon- ; hold the quadrant in 
thb position, and move the globe on its axis till the 
sun's place comes to the graduated edge of the quad- 
rant ; the hours passed over by the index from twelve 
will be the time from noon when the sun is due east,f 
«n4 at the same time from noon he will be due west.. 



• The learner will observe, that the sun has the same altitude 
At e^ual distances from noon ; hence it is necessary to say whether 
the observation be made before or after noon, otherwise the prob- 
lem admits of two answers 

t If the latitude be north, and the sun's declination be south, he 
will be due east and west when he is below the horizon ; and the 
flitme things wiU happen if the latitude be south when the declina- 
tion is north, Examples exercising these cases are useless ; how« 
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OR, BY THE ANALKHMA. ^ * 

This 19 exactly the same as above, only, instead of 
bringing the sun's place to the meridian^ you bring; 
the analemma there, and, instead pf bringing the sun's 
place to the graduated edge pf t^e quadrant, the day 
of the month on the analemma must be brought to it^ 

Examples, !• At what hours will the sun be ^ue 
cast at London on the 1 9th of May; at what hour will 
lie be due west ; fmd wha( ivill his altitude b^ at thes^ 

times ? "> 

Answer. The time from 12, when the sun is due east, is 4 hours 
54 minutes ; hence Uie sun is due east at six Ttiinutes past seven 
<^cU»ck in the morning, and due west at 54 minutes pastrour in the 
afternoon ; the sun's altitude may be found at the same time» as 
ki Problem XUV. In this example it is 25*^ 2^ 

2« At what hours will the sun be due east and west 
%X London on the 21st of June, and on the 21st of De* 
cember ; and what will be his altitude above the hori- 
zon on the 21st of June I 

' B, Find at what hours the sun will be due east and 
vcstf not only at London, but at every place 09 the 
surface of the globes on the 2l8t.of March and on the 
93d of September ? 

4. At what hours is the sun due east and weat at^ 
Buenos Ay res on ihe 21st of December I 

PROBLEM XLVII. 

Given the sun^s meridian altitude^ and the day of the 
months to Jindthe latitude of the place. 

Rule. Find the sun's place in the ecliptic, and bring 
it to that part of the brass meridian which is numbered 
from the equator towards the poles ; then, if the sun 
was south * of the observer when the altitude was 



over they are easily solved, if vrt consider that* when the sun is 
due east below the horizon at any time, the opposite point of the 
ecliptic will be due west above the horizon ; therefore^ instead of 
bringing the lower edge of the quadrant to the east of the horizon, 
bring it to the west, and, instead of using the sun's place, make 
use of H point in the ecliptic diametrically opposite* 

* It is necessary to state whether the sun be to the north ot 
south of the obsenrer at noon, otherwise the problem is uniimited. 



tAken, count the number of degrees from the sun's 
place on the brass meridian towards the south point of 
the horizon, and mark where the reckoning ends; 
bring this mark to coincide with the south point of the 
horizon, and the elevation of the north pole will shew 
tibe latitude* If the sun was north of the observer 
when the altitude was taken, the degrees must be count« 
ed in a similar manner, from the sun's place towards 
the north point of the horizon, and the elevation of the 
south pole will shew the latitude. 

OR| WITHOUT A GLOBE* 

.. Subtract the sun's altitude from ninety degrees, the 
remainder is the zenith distance. If the sim be south 
when his attitude is taken, call the zenith distance 
porth ; but, if north, call it south ; find the sun's de* 
clination in an ephemeris * or a table of the sun's declin- 
Ittion, and mark whether it be north or south : then, if 
die Zenith distance and declination have the same 
jname, their sum is the latitude ; but, if they have con* 
trary names, their difference is the latitude, and it is 
always the same name with the greater of the two. 
quantities. 

Examples. 1. Oii the 10th of May 1808, I observ- 
ed the sun's meridian altitude to be 50^, and it was 
south of me at that time ; required the latitude of the 
place* 

Answer. 57® 39^ nortk. 

By caieulatiom 
50 S» sun's altitude at noon. 

40 K^ the xenith duUnee. 

17 39 N.» the gun's declination 10th of May* I808« 

Sr 39N.» the latitude sought. 

2. On the 10th of May 1808, the sun's meridiaxi 
altitude was observed to be 50^, and it was north o^ 



* The moat eonvenient is Whites Bpheneris ; flee the note titge 
36g or the Naatioal Ahaaiwc. 
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<Ik elMiver «t thst time ; rei^ured the latftode of die 

^kxmvftr. The Uutude b Sfl^' 2V sottti^ 

Bv caUulmtiim* 
50 N^ 8UB*« iltiiiide at nooib 



40 S , the zenith disUnce. 
17 39 K/> the sun% declination. 



22 2 L S , the latitude toucht ; ^ 

3. On the 5th of August 1808, the ftun^s meridiaii 
altitude was observed to be 74F 30' north of the ob- 
server ; what was the latitude ? 

• 4. On the 19th of November 1808, the sun's meri- 
dian altitude was observed to be 40^ south of the ob- 
server ; what was the latitude ? 

5. At a certain place where the clocks are two hours 
£ister thsm at London, the sun's meridian altitude was 
observed to be 30 degrees ta the south of dl6 observer \ 

on the 21st of March ; required the place. / - ■ r /w^v 
' 6. At a place where the clocks are five hours slower ' 
than at London, the sun's meridian altitude was ob- ^ 
served'to be 60^ to the south of the observer on the 1 6th , 
«fAprill808i required the place. / ' //. \ ^ '■ J 

PROBLEM XLVIII. 

The length of the longest day at any place, not %oithin 
the polar circles being given^ to find the latitude of 
that place. 

Rule* Bring the first point of Cancer or Capricorn to 
the brass meridian (according as the place is on the 
north or south side of the equator,) and set the index 
of the hour circle to twelve ; turn the globe westward 
on its axis till the index of the hour circle has passed 
over as-many hours as are equal to half the length of 
the day ; elevate or depress the pole till the sun's piaoe 
(viz. Cancer or Capricorn) comes to the horizon ; then 
Uie elevation of the pole will shew the latitude* 

NoTS. This problem will answer for any day in the year» as 
iireU as the longest day,, by bringing the 8un> place to the brass 
meridian, and proceeding as above. 
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Or, Briag the middle of the analemma to the brass meridian^ and 
nt the index of the hour circle to 12 ; tuvn the globe westward oM 
its axis till the index his passed ever as many hours as are eqiud to 
liatf the tenglh of the day > elevate or depress the pole till the day 
of tiie month coincides with ihe horizon* ihen ttve elevation of Uif 
pole will show the latitude 

Examples, 1. In what dtgree of north latitude, and 
at what places is the length of the longest day lo^ 
hours f 

Answer In latitude 52^, and all places situated on, or Bt ar that 
parallel of latitude, have the same length of the day 

2* In what degree of south latitude, and at what 
places is the longest day 14 hours f 

3* In what degree of north latitude is the length of 
the longest day three times tlie length of the shottesi 
night ? . 

4. There is a town in Norway wliere the longest 
day is five times the length of the shortest night; pray 
what is the name of the town ? 

5. In what latitude north does the sun set at seven 
o'clock on the 5th of April? 

6« In what latitude south does the sun rise at fiytt 

o'clock on the 25th of November? ■ — ""^^ 

r. In what latitude north is the 20th of May 16 
liours long i 
• 8. In what latitude north is the night of the 15th of 
August 10 hours long f 

PROBLEM XLIX« 

The latittide of apiace^ and tht day of the month being 
giveUy to find how much the sun^s declination must 
increase or ' decrease towards the elevated pole^ to 
make the day an hour longer or shorter than the given 
day. 
Rule, Find the sun's declination for the given day^ 

and elevate the pole to that declinatiop ; bring r.he given 

Elace to tke brass meridian^ and set the indem of the 
our circle to twelve ; turn the globe eastward on its 
axis till the given place comes to the horizon, and ob- 
serve the hours passed over by the index : then, if the 
days be increasing, continue the motion oi the globe east- 
ward till the index has passed over another half hour, 
and raise the pole till the place Comes again into the 
horizon, the elevation of the pole will show the sim's 
declination when the day is an hour longer than thf 

H h 
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given day : but, if the days be decreasing, turn the 
globe westward till the index has passed over half an 
hour, and depress the pole till the 'place comes a second 
time into the horizon^ the last elevauon of the pole 
will show the sun's declination when the day is an hour 
shorter than the given day. 

OR, 

Elevate the pole to the latitude of the place, find the 
eun's place in the ecliptic, bring it to the brass meri- 
dian, and set the index of the hour circle to twelve i 
turn the globe westward on its axis till the sun's place 
comes to the horizon, and observe the hours passed 
over by the index; then, if the days be increasing, con- 
tinue the motion of the globe, westward till the index 
hab passed over another half hour, and qjioserve what 
point of the ecliptic is cut b} the horizon; that point 
will show the sun^s place when the day is an hour 
longer than the given dayi^ whence the declination is 
readily found ; but, if the days be decreasing, turn the 
globe eastward till the index has passed over half aa 
}vour, and observe what point of the ecliptic is cut by 
the horizon ; that point will shew the sun's place whem 
the day is an hour shorter than the given day. 

OR, BY THE ANALEMKA* 

Proceed exacdy the same as above, only, instead of 
bringing the sun's place to the brass meridian, bring 
the analemma there, and, instead of the sun's place^ 
use the day of the month on the analemma. 

Examples. 1. How much must the sun^s declinatio%^ 
vary that the day at London may be increased one 
hour from the 24th of February ? 

Answer. On the 24th of February tlie aim's declination is 9^ 38^ 
south, and the sun sets at a quarter past five : when Ihe'sun sets at 
three qU'jrters past five, his decynation will be fo.und to be about 
4i° south, answerinpf to the lOth oP^Nftrch : hence the declination 
has decreased 5^ 23', and the days have ini^ased 1 hour in 14 
days. ' 

u. How much must the Bun's declination vary, that 
the day at London may decrease one hour in length 
from the 26th of July ? 

Answer The sun's declination oir the 26th of July is X9**38* 
north, and the sun sets at 49 nnin. past seven ; when the sun sets 
at 19 min. past s^vtn, his declination will be found to be 14** 43' 
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aurth, ansmrerine to the 13th of August ; hence the declination has 
4^cn:;a^d 5° 55 , and the days have decreased one hour in 18 days, 

3, How much must the sun*s declination varj', froai 
the 5th of April, that the day at Petersburg may in- 
crease one hour ? 

4. How much must the suix*d declination vary, from 
the th of October, that the day at Stockholm may de- 
crease one hour i 

PKOfiLEM L. 

To find the sun*s right ascension^ oblique ascensiony ob» 
ague descension^ ascensional ^fference^ and time of 
. rising and setting at any place. 

Rule. Find the sun's place in the ecliptic, and bring 
h'to that part of the brass meridian which is numbered 
from the equator towards the poles ;* the degree on the 
equator cut by the graduated edge of the brass meri- 
dian, reckoning from the point Aries eastward, will be 
the sun's right |scension. 

* Elevate the pme so many degrees above the horizon 
as are equal to the latitude of the place, bring the suti's 
place in the ecliptic to the eastern part of the horizon,f 
and the degree on the equator cut by the horizon, reck^ 
0ning from the point Aries eastward, vill be the sun's 
oblique ascension. Bring the sun's place in the eclip- 
tic to the western part of the horizon4 and the degree 
on the equator cut by the horizon, reckoning from the 
poipt Aries eastward, will be the sun's ohliqlie descen* 
6ion. 

Find the difference between the sun's right and ob- 
lique ascension ; or, which is the same thing, the difier- 
«nce between the right ascension and oblique desctn- 
sion, and turn thb diiference into time by multiplying by 
4 f ; then, if the sun's declination and the latitude of 
the place be both of the same name, viz both north 



* The degp*ee on the meridian ahove the sun*8 place is the sun's 
declination. See Prab. XX. 

'\ The rising amplitude may be seen at the same time. See Pfob» 
lem'XLin 

\ The getting amplitude may here be seen. Vide Prob. XL 1 11. 

\ See Problem XVIli. 
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or both souths the sun rises before six, and sets after 
aix, by a space of time equal to the ascensional di&r* 
ence ; but if the sun's declination and the latitude be uf 
contrary names, viz. the one north and the other soutii^ 
the sun rises after six^ and sets before six, 

Examples. 1. Required the sun's right ascensioi^ 
oblique ascension, oblique descension, ascensional di£^ 
ference, and time of rismg and aetting at London, oa 
the 15th of April. 

An we. . The right ascension is 23** 30', the obliqne ascension |s 
f» 4S\ the afewisional diSmwnce <2do 30W9<» 45' wsx) 13<' 45' or 
55 minutes of tine $ oensequen'ly the sun rities SS ra'iaiites before 
^, or 5 min past S, and sets 55 min. past 6. The oblique descen- 
fion ts 37^ 15'; consequently tKe descensional diiference is (37* 
I^K ^ 23^ 30' 9«> 13^ 41^. the sane as the aseensioiMa diif«reAee 

3. What are the sun'a right aacewion, oblique afr* 
cension, aad oblique deacenaioiH oo iht 37th of Seji* 
tenaber at Londoii ? what is the ascensional di&reoi;(e» 
and at what time does the sun rise and set f 

3. What are the sun's right ascension, declination^ 
oblique ascenslton, rising amplitude, oblique descension, 
and setting amplitude at I^ndon, on the 1st of May i 
what; is the ascensional differexice, and at what tiQie doea 
the sun rise and set ? f 

4. V\ hat are the sua's right ascension, declination, 
oblique ascension, rising amplitude, oblique descengion, 
and setting amplitude at Petersburg, on the 31st of 
Junef what is the asceaaioaal di^reocCy and at what 
time does the sun rise and set? 

5* What are the Siuo's right ascension, declination, 
oblique ascension, rising amplitude, oblique descension, 
and setting amplitude at Alexandria, on the 21st of 
Pecember^ what is the ascensional difference, and ^ 
what time do^s the sun rise and set ? 

FBOBL£M LI. 

Givers the day of the months and the sutfs amplitude^ t9 
Jind the latitude of the place of observation. 

Ride. Find the sun's place in the ecliptic, and bring 
it to the eastern or western part of the horizon (accord- 
ing as the eastern or western amplitude is given), ele- 
vate or depress the pole till the sun's place coincides 
with the given amplitude on the horizon, then the qIc*^ 
Yatioii of the pole will show the latitude. 



OR THUS : 

Elevate the north poie to the cc^plement* of the 
amplituck, and screw the quadrant of altitude upoD the 
brass xoeitdian, over the same degree ; bring the equt* 
noctial point Aries to the brass meridian, and move the 
cpiadram of altitude till the sun's declination for the giv^ 
en day (counted on the quadrant) coiiicides with the 
equator; the number |^ degrees between the point Aries 
and the graduated edge of the quadrant will be the lati* 
tude sought. 

Examples. 1. llie sun's amplitude was observed 
to be 39^ 48' from the east towards the north, on t^ 
!|lst of June; required the latitude of the place? 

Am we; SI** 3:i' nortb.f 

2* The sun's ampUtude was obsjeirved to be 15^ SOl 
from the east towards the north, at the same time bii$ 
deelinatioB waa 1 5^. 2(/ ; required die latitude i 

Answer. The latitude was notfeipjir. 

3h On the 29tb oi May, when the sun's declination 
was 21^ 3(y north, his rising amplitude was known to 
to be 22^ northward of the ea^t ; required the latitude i 

Answer. 12** north. 

4. When the sun's declination was 2^ north, his ri- 
sing amplitude was 4^ north of the east ; required the 
latitude i 

Answer. 60° north. 

• PEOBLBM LII. 

Ctven two observed qitrtudes of the sun. the time elaps* 
ed between them^ and the sittCs deelinatton^ to find the 
latttude^X 
Rule. Find the sun^s declination, either by the globe 

or an ephemeris ; take the niunber of degrees contained 

^■^■^— ~ I .— — II I I , I . II II -■! ■ 

'^ The complement of the amplitude is fotmdhy subtr&eting the 
amplitude from 90^. The rule is exactly the same as above ; for 
it is formed froaiaright an|^d spherical triafigle» the base beings 
the complement of the amplitude., the perpendicular the latitude of 
the place, and the h)pothefluse thi^ complement of Uie tun's decli<i> 
nati'Hi. 

f See Keith's Trigonometry, page 237. 

% Dr. Wilson, in his Dissertation on the Rise and Progress of 
Navigation, prefixed to Robertson's Treatise, says, this [jroblem 
was iirst sohred by the globfe by Mr Mobert Hues, and published in 
1594 1 and Dr Mac^i^ay* in page 158 of his Complete Na^ig^utor, 
mentions the same circumstance. I have not been able to procure 
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therein from the equator with a pair of compasses, and 
apply the same number of degrees upon the meridian 
passing through Libra* from, the equator northward or 
southward, and mark where they extend to ; turn the 
elapsed time into degree&,f and count those degrees up-, 
on the equator from, the meridian passing through Li- 
bra ; bring that point of the equator where the reckon- 
ing ends to the graduated edge of the brass meridian, 
and set off the sun's declination from that point along 
the edge of the meridian, the same way as before ;■ then, 
tsike the complement of the first altitude from the equa- 
tor in your compasses, and, with one foot in the sunV 
declination, and a fine pencil in the other foot, describe 
an arc ; take the complement of the second altitude in 
a similar manner from the equator, and^ with one foot 
of the compasses fixed in the second point of the sun's 
declination, cross the former arc : the point of intersec- 
tion brought to that part of the brass meridian whicli 
is numbered from the equator towards the poles, witt 
stand under the degree of latitude sought. 

Examples. 1. On the 4th of June 1808, in north lati- 
tude, the sun's altitude, at 29 minutesr past 10 in the 
forenoon, was 65^ 24', and at 31 minutes past 12, the 
altitude was 74^ 8* ; required the latitude ? 

Answer. The sun's declination was 22<» 27' north, the elapsed 
time was two hours two min , answering to 30** 30'; the comple- 
ment of the first altitude was 24^ 36', the complement of thie sec- 
ond altitude 15° 52', and the latitude- sought 36<» 57' north. 

2. Givrt> the sun's declination 19° 39' north, his alti- 
tude in the forenoon 38° 19', and) at the end of one 
hour and a half, the same morning, the altitude was 
iCP 25'; required the latitude of the place, supposing it 

to be north ? 

Answer. 5l« 32' north, t 



this hook, nor have I ever seen a solution to the problem by tlie 
globe. 

• Any meridian will answer the purpose as well as that which 
passes through Libra ; on Adams' globes this meridian is divided 
like the brass meridian. 

t See the method of turning time into degrees, Prob. XIX. 

t A great variety of examples, accurately calculated by the |fen- 
eral rule, without an assumed lAtitude, may be seen in Keith's 
Tri|;of|ometry, page 289, &c. 
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3. When the sun's declination was 22° 40' north, 
his altitude at 10 h. 54 mm. in the forenoon was 53® 
29% and at 1 h. 1 7 m. in the afternoon it was 52° 48'; 
require:! the latitude of the place of observation, sup- 
posing it to be north? f 

Answer. 57^ 8' novih. / 

4. In north latitude, when the sun's declination was 

22° 23' south, being on the 5th of December, the sun's 

altitude in the afternoon was observed to be 14° 46', 

and« after 1 h. and 22 m. had elapsed, his altitude was 

8° 27' ; requir^ the latitude i 
Answer. 50** 3^oorth. 

FROBLElf LIU. '' 

The day and hour being' given when a solar eclipse xviU 
happen, to Jind where it will be visible. 

Itule. Find the sun's declination, and elevate the 
pole agreeably to that decUViation ; bring the place, at 
which the hour is given, to that part of the brass meri* 
dian which is numbered from the equator towards the 
poles, and set the index of the hour circle to twelve ; 
then, if the given time be before noon, turn the globe 
westward till the index has passed over as many hours 
as the given time wants of noon ; if the tioie be past 
noon, turn the globe eastward as many hours as it is 
past noon, and exactly under the degree of the sun's de- 
clination on the brass meridian you will find the place 
on the globe where the sun will be vertically eclipsed: 
at all places within 70 degrees of this place, the eclipse 
may* be visible, especially if it be a total eclipse. 

Example^ On the 1 1th of February 1804, at 27 min* 
past ten o'dock in the morning at London, there was 
an eclipse of the sun ; where was it visible, supposing 
the moon's penumbral shadow to extend northward 70 
degrees from the place where the sun was vertically 
eclipsed f 

Answer. London, &c. For more examples consult the Table of 
SclipseSf following ihe next problem. ^ 



* Wken the moon is exactly in the node, and when the axes of the 
moon^s shadow and penamhiu pass through the centre of the earthy 
the breadth of tbe earth's surface under the penumbral sbad<i w is 
70^ 20' Tbut the breadth of this shadow is variable ; and, if it be not 
accurately determined by calculation^ it is impossible tu tell by the 
globe to what extent an eclipse of the sun will i»e visible. 
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TA^ ^lEiy on^ hour being given when a lunar eelifme wiU 
happen^ to Jind where it will be visible. 

Rule, Find the sun's declination for the given day, 
and note whether it be north or aoath ; if it be north, 
elevate the south pole sb many degrees above the ho- 
rizon as are equal to the declination ; if it be ftouth, ele« 
vaie the north pole in a similar manner; bring the place 
at which the hour is given to that part of the brass me- 
ridian which is numbered from the equator towards ^he 
poles, and set the indexof the hour circle to twelve; 
then, if the given time be befcHie noon^ nira the ,fjiiibt 
westward as many hours as it wants of aoon ; ^ after 
woo^J turn the globe eastiv^uxl as many boiHS as iti is 
pa9t noon ; the place exactly under the degree 4>f ithe 
sun's deciinatidn' wiU be the antipodes of the plfice 
where the moon is vertically eclipsed. Set die index 
of the hour circle again to twelve, and turn the .globe 
on its axis till the index has passed aii«r twelve ho^s ; 
then to all places above the horizon tne eclipse wiii be 
visible ;. to those piac«is along the western edge pf ithe 
horizon the moon will rise eclipsed ; to tiiose along^the 
eastern edge she will set eclip^d; and to that place im- 
mediately under the sun's declination the moon will be 
veriically eclipsed* 

Example. On the 26th of January 18(H, at 56 min* 
past seven in the afternoon, at London, there was! aa 
eclipse of the moon ; where was it visible \ 

Answer. It was visible to the waole of £ai?opef Africa* and th# 
continent of Asia For more examples, see the Ibllowm^ T^ible 
ofiilclipses. 

Note. The aubstanee of the following Table of Ecli|iseS' wis 
extracted from Dr. Hatton's translation of Montucla's edition oi 
Ozanam's Mathematical und Hnysical Uecreations, published by 
Mr. Kearsiey in Fleet-street. These eclipses weretoriginally calctt- 
lated by M. Prngt^, a m« raber of the Academy of Sciences^ and 
published in VArt des verifier les Date*. In classing these . tables 
the arrangement of Mr. Irerguson has been followed t see page 267 
of his Astronomy, wh re aoaitaiogue of the risible eclipses is given 
from irOO to 1800, taken from L*Art 'dii'Wrtfkr &J Datn, - it may 
be necessary to inform the learner, that tht: times uf ttiese eclipses, 
as calculated by M Pring:'6, are 'not perfectly accurate, au'l wete 
only designed to show nearly the time when aa eclipse may be ex* 



I 



I 






TBZ TlllREtTRlAL oiokB: 



n Afrlc 
- - decree 

in Aaid, to the nui ih poUr circle i ihnugli Mime few of ihcni htc 
Tilible beyond the pole. In lonj^itude the limita ire the jtli and 
15jlh metidiini, lu^iMing the 20ch t^tpxai thrnl^ Puii ; henc^i 
It a;>pt-iirii thut tbey ire cUculuted fur the meridiHi of Fcrru ; 
which will make their limits from Londun to be trum 12" 46' weit 
long to 137° IV cut H Pring.fiayi, tl^il mi eclipse of the sua 
ia visible from 32" to 64" north, andaa far toutti of the plAce wh;re 
it IS centnL In the following ubie the ino"n is repieiented by j>, 
the sun by ^, T stands For tots:, P for pwlial, M for nionun|>, 
■nd A lb'' memoon : the rest is obvioiu 
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Tlio|ig)i the preceding table be calculated <mly fi>r i^tieteen yeara^^ 
it vrillknawer for a ceivttn^ t^iCOiiie, b> ph&ngiiig the years at the' 
expira^oD of nineteen ; thus, instead of 1805» write 12$^4, and so 
on in » gradual succession to 1842, ^without any altcraUon in the 
figures^ under the months; and, yrhen these years are elapsed, 
bepn ^ain with 1843, Sec. The tiiiie of new moon ma> be had by 
subtracting the nuqxber in the table opposite the given year, and 
under the given month, from 30 ; thus the time of new inoon in 
Marcb' 1820 is on the 14th (==30— 16;) in December the aame 
year, new moon h^ippens on the 5th C»=30 — 25 ;) and aoon for 
any otMer year and month. 

To find the time qf full moon, subtract the number in the table, 
opposite the given year and under the given month, from 30 ; if 
the retnainder be 15, full moon happens on the 30th day of the 
lAonth^; if the remainder exceed 15, the excess above 15 is the day 
of the month on which full moon happens t if the. remainder fall 
short of 15, add 1^ to it, and the^suni will shew the day of the month 
on which full moon will happen. Thus, full moon happens on Jan* 
uary 30, 1820, C30--15=sl5 ) In November, 1818, fiin moon hap- 
pens on the 12 (30-~3ss2r, and 27—15:^12.} In January 181^, 
full moon happens on the %^d (30—^^7, and 7+l5ssQ2,) At 
the time of conjunction, o|r new moon, the sun and moon are in the 
same #ign and degree, and the moon's n>otion is 12** It' 6^' swifter 
than the apparent motion of the sun (see the note page 76 1) If this 
difference, therefore, be. multiplied by. the moon's aj^e, the pro- 
duct wili give the number of degrees which the moon's place is be- 
fore tfale sun's ; and as the sun's place is readily found by the glc be, 
the moon's place will be easily obtained, l^ikewise, if the place 
of the. moon's node* be given for any particular year, its place for 
any other year may be calculated, the mean annual varat^on being 
about 19** 19' H^' (see page 133 ) Hence the following problem 
may be solved, though not very accurately, without an ephemeris. 



* In a central eclipse of the moon, the moon's f^aee at the mid- 
dle of the eclipse is directly opposite to the sun, and the moon is 
ihen in one of her nodes. If the sun's place in the ecliptic 4)e deter- 
mined at that time by observation, Uie oppo^t« pcnnt will betiie 
true i^ACie of the moon's node. 
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ToJinJ the time of the year when the sun pr moon tvilf 

be liable to be ectipiteiL 

Rule. U Find the place of the moon's nodes, die 
time of new moon, and the sun's longitude at that 
time, by an ephemeris ;* then, if the sun be within 
17 degrees of the moon's node, there will be an eelipse 
of the sun. 

2. Find the place of the moon's nodes^ the time of 
full moon, and the sun's kii»gitude at that ttme^ ^f^ aa 
ephemeris ; dien, if the sun's longitude be within It 
degrees of the moon's Aodes, thore wiU be a» eclipsr 
^ the moon. 

Examptee. I. On die \6A of Jami»y IMi, dieie 
was a full moon« at which time the place of the moon^s 
n>>lt^ was )r^ 25^ 54\ and ihe aim's longitude i$'!^i^4 
4tii an eclipse of the moon happen at that time i 

Answer. Here the sun v^asnearVy in the momi's nodei tiiereioDe . 
a t(» al eclipse of the moon took pace ; for, when the ami }B in one 
df the inoon*8 nodett at. the time offbll moon, the mofon is in the 
<rtht3r n-ide, and the eatth w ^inectty between them ; the moonV 
pt.ee was ccnseqiiently ab- ut 25** in Cancer. 

2. It appears, by the ioregoing table, that ihtt^ waa 
a new moon on the 30tb of January 1805, at whi^ 
time the place of the Baoon'« node was):} 2S^ 16-^ and 
the sun's longitude or place was jsr 10^ i was there BSk 
eclipse of the sun at that time ? 

3. By the foregoing t^ble, or by an ephemeris, there, 
was a new moon on the 19ih of October ItOCS at 
which time the place of the moor's node was fit 1^! 
6' and the sun's longitude a 25^ 56' r was there wo^ 
eclipse of the sun at that time i i 

4 On the 3rd of November ^808, there will be a 
full moon, at which time the pbU:e of the moon's node> 
was rti 1-2^ 18' and the sun's longitude m 1€^55'; 
was there an eclipse of the mo0n at that time f 

5. On the 4th of April 1810, there was a new. 
moon, at which time the place of the moon's node 



* White*! Epbenerisy or the Nautical Almanac. 
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wm ^'H^. $f mX ihe annV lo«f>ttid« IP M^ 4/ % 
waa tbtre an ecitpao.o^ ikm mh at th^ dim ^ 

d# Oa tbe 'A90k of Septei»b«:r |810 tfiete was «> 
near ntMn,, at viiicb iioae the place of the moon's node 
was ^ 5P $%' I and tbe sim'a loogiludi: i* 4P 40^ ^^ 
wa» di^ns aft eftipae 0f the aim at diat tme } 

PttOBLEM tvi. 
To explain the phenomenon of the harvest moon. 

Definition U The bafveat {laoon ia ooftb latituday 
la the £aU flaoon arbieh happens at^ or near, the time; 
of ik» auHMsaal eqmnwc ; for tp the ifihahitantsof nort]% 
latitude^ arheaeirer ihe moon is ia Pisces or- Ariea (and 
ahe ia hi tbeae sigas twelve times in a year^) there ia 
very little difference between her ti nea of rising for sev«^ 
end nights toge(her> because her orbit is at these timea 
nemiy pandlei tOi^ilie horixon. This peculiar rising of 
the moon passes unobserved at all otner times of the 
year except in September and October ; for there can 
never be a full moon eiLcept the sun be directly opposite 
to the moon ; and as this particular rising of the moon 
aan only h^pen when the moon is in k Pisces or ^ 
Aiies^ the sun must necessarily be either ia vsi Virgo 
er ^ Libra at that time, and diese signs answer to the 
months of September and October* 

Definition* ^. The harvest moon, in south latitude, 
is the full moon which happens at, or near, the time oi 
the vernal equinot ; for, to the inhabitants of south 
latitude^ whenever the moon is in i>k Virgo or ^ Libra 
(imd<^she ia in these signs twelve times ia a year) her 
orbit is nearly parallel to the horizon ; but, when the 
ftill moon happens in iij; Virgo br a Libra, the sun 
must be either in x Pisces or cy> Aries* Hence it ap- 
pears that the harvest moons are just as regular in south 
latitude as they are in north latitude, only they happen 
ait contrary times of the year. 

Rule for performing theproblem.-^l. For north lati^^ 
tude- Elevate the north pole to the latitude of the 
]^ce, put a patch or make a mark in the ecUptia on the* 



L 



point Ariesiy and upon everj 12 * degree precediii^ 
and foiiawing that point, till there be ten or eleven marks ; 
bring that mark which is the nearest to Pisces to the 
extern edge of the horizon, and set the index to li i 
turn the« globe westward till the other marks successively 
come to the horizon, and observe the hours passed ovet 
by the index ; the intervals of time between the marks 
coming to the horizon will, shew the diurnal difference 
of time between the moon's rising. If these marks be 
brought to the western e^ge of the horizon in the same 
manner, you will see th^ diiimal difference of time be* 
tween the moon's setting ; for, when there is the 
amaUest difference between the times of the moon's 
rismg,! there will be the greatest difference betnireen 
tile times of her setting ; and, on the contnuy, ivhea 
there is the greatest difference between the times of the 
moon's rising, there will be the least difference between 
die times of her setting* 

i^oTB As the moon's nodes varytheir potion tad filrm a cun* 
plrte revolution in about mneteen years, ther^ ^U be a renilar 
period of idl the varieties which can happen in the rising and set- 
ting of the mooti during that time. The tbllowing table (extracted 
§rnm Fergpison's Astronomy) shews in what yeamUte harvest 
moons are the least and most bcneBcial, with regard tp thetimcw 
of their rising, from 1805 to 1860. The columns of years under 
the letter L are those in which the harvest moons aVe least bene- 
ficial, because they fall about the descending node ; and those under 
M are the moat beneficial, becasae they faU aooot the ascendiiig 
node. 
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M 


M 


M 
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1807 


1814 


1831 


lftl7 


1805 


1822 


1838 


1854 


1808 


1815 
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1848 
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1823 
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1855 
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1826 
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1824 


1840 
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1841 


1857 


1811 


1828 


1844 


1851 


1818 


1835 


1849 


1858 * 


1812 


1829 


1845 


1859 


1819 


1836 


1843 


1859 


1813 


1830 


;1846 




1890 
1821 


1837 


1853 


1860 

• 



* The reason why you mark every 12 degrees is, that tha moofi 

g^ns i2^ IV of the sun in the ecliptic every day (see the aecond 
note, page 46.) ^ 

f At London when the moon rises in the point Aries, the eclip- 
tic at that point makes an angle of only 15 degrees with the bon- 
:zon ; but« when she seta intnepo^it Aries* it makes an angle of 62 
degrees : and, when the moon rises in the point Libra, the eclip- 
tic, at that point, makes an angle of 62 degrees witii the horizon ; 
but, when she sets in the poiut Libra, it only makds an angle of H 
df|^ree with the horizon. 



' % For S9uth latitude. £Ievate the south pole to the 
latitude of the place, put a patch or make a mark on 
the ecliptic ot the point Lihra, and upon every twtive 
degrees preceding and ioliowing that point, till there 
he ten or eleven marks ; bring that mark ivhich is the 

"Nearest to VirgO, to the eastern edge ot the horizon, 
and set the index to 12; turn the globe westu'ard till 
the other marks successively come to the horizon, and 
observe the hours passed over by the index; the inter'> 
vals of tune between the marks coniing to the horizon, 
will be the diurnal difierence of time between the moon^s 
rising, &c. as in the ibregomg part of the problem.* 

FMLOBhhU LVII. 

4, 

J'he day and hour of an eclipse of any one of the satell- 
ites of fupiter being given^ tojind upon the globe all 
. . those pUices^ where it will be visible. 

'" Rule. Find the svin^s declination for the given day, 
«nd elevate the pole to that declination ; bring the place 
at which the hour is given to the bra^s meridian, and 
<9et the imlex ol the hour circle«]^ 12 ; then, if the given 
tiin.e be before noon, turn the globe westward as maiijr 
iiCiUFSt as at wants ot noon ; it after noon, turn the globe 
eastward as many hours as it is past noon ; fix tlie globt 
in this position : then, 

1. Jf Jupiter rise after the sun\y that is, if he be an 
evening star, draw a line along the eastern edge ol the 
horizon with a black lead pencil, this line will pass over 
all places on the earth where the sun is setting '*\t the 
given hour ; turn the globe westward on its axis till as 
many degrees of the equator have passed under the 
brass meridian as are equal to the diiTerence between 
the sun^s and Jupiter's right ascension ; keep the glot>e 



• This solution is on a supposition that t!ie tnoon keeps constantly 
in the echptic, which is s -fficienlly arciti^te ftn ilUistratinj^ th^ j)wb- 
lem. UtJierwise the latitude arw? loni^itikii' of the moon, or her 
rig'iit ascension «nd declination, may be taken from the Epiiement, 
ntlhe time of full mnon, and a ft'w day^ preceding and following it; 
her place wiU then be tr\dy marked ofithc ^lobe. 

t Jupiter rises after the sun, ^hen his longitude is |^atcr thftn 



the sun's longitude. 



K 
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from revolving on its asis, and elevate the pol$ 
degrees above the horizon as are equal to Jiipitel^A 
declination, then draw^ another line with a pencil along. 
the eastern edge of the horizon : the eclipse will l^ 
visible to ever^r place betwreen these lines, viz. from 
the time of the suti's setting to the time of Jupiter's : 
setting* 

2. If Jupiter rise before the sun^^ that is, if he be a 
morniag star, draw a line along the western edge of 
the horizon with a black lead pencil, this line will past 
over all places of the earth where the sun is rising at 
the given hour ; turn the globe eastward on its axis till 
ms many degrees of the equator have passed under the 
brass meridian as are equal to the difference between 
the sun's and Jupiter's right ascension ; keep the globe 
from revolving on its axis, and elevate the pole as many 
degrees above the hcmzon as are equal to Jupiter's de- 
clination, then draw another line with a pencil along 
the western edge ot the horizon : the eclipse will be 
visible to every plac^e between these lines, viz. from 
the time of Jupiter's rising to the time of the sun's 
rising. 

Examples. 1. Qn the 13th of January 1805 there 
was an emersion of the first satellite of Jupiter at 9 
m* 3 sec. past five o'clock in the morning, at Green* 
^ich ; whefe was it visible I 

Answer. In this example the lonji^itude of the sun exceeds the 

dee* 
^ the 
ight a8cen:>ion and the sun*s right ftscension 
may be found by the globe ; for, if Jupiter's longitude hi the ecliptic 
be brought to the brass meridian, his place will stand under the de- 
gree of his declination ;f and his rigiiit ascension will be found on the 
equator, ivckouing from A^ies. This eclipsv- wus visible at Grt'en- 
-wich, the greater part of Europe, the west of Africa, Cape Verd 
Islands, &c. 




'^ * Jupiter rises before the sun, when his longitude is less than 
tiie sun's longitude. 

t '^^'^ '» "" supposition that Jupiter moves on the ecliptic, and, 
as he .cuutes but little therefrom, the solution by this method will 
bo 8'.;iiclentiy fcccurate. To know if an eclipse of any one of the 
satteliles ot J ip tei* will be visible at any place, we are directed by 
the Na:'tical AimuiiiC, to " find whether Jupiter be 8** above the 
1 hori^viu of the p^ce, and the sun as much beU>w it." 
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'^&I tin the 15th of February 1810, at 9 m. 54 sec* 
^si seven o'clock in the evening, at Greenwich, there 
Wks an emersion of the second satellite of Jupiter ; 
where was the eclipse visible? Jupiter's longitude 
at that time being signs 21^ ^8'; apd his declination 
l^r' south. 

3. On the irth of March 1810, at 50 m* 34 sec^ past 
§ix o'clock in the evening, at Greenwich, there was 
ail emersion of the second satellite of Jupiter ; where 
wks the eclipse visible ? Jupiter's longitude at that time 
being O signs 27^ 18'; and his declination being - 
1^1' south. 

4. On the 30th of August 1810, at 16 m. 42 sec. ^ 
past one o'clock in the morning, at Greenwich, there ; 
was an emersion of the first satellite of Jupiter; > 
where was the eclipse visible? Jupiter's longitude at 
that time being 2 signs 0^ 17^ and his declination 1^2^ 
south. 

i. On the 19th of August 1810, there was aa . 
enfiersion of the third satellite of Jupiter at 26 m» 53 
ae£. past three o'clock in the morning, at Greenwich; 
where was the eclipse visible? Jupiter's longitude 
at that time being 1 sign 29 deg. 44 mm* and his decli- , 
nation 1 deg. 2 min south. 

6. On the 5th of November 1810, there was 8^ 
emersion of the third satellite of Jupiter at 29 min. 24 
8ec« past eleven o'clock in the evening, at Greei^wich ; 
where" was the eclipse vitjble? the longitude of Jur 
piter being 1 sign 29 deg. { min. and his dedination 1 
deg« 7 min. south. ^ 

PROBLEM'^ LVIII. 

■ \ 

To place the terrestrial globe ,in the sun-shine^ so that 
it may represent the natural jposition of the earth* 

Rule, if you have a meridisia line* drawn upon a 
horizontal plaae^ set the north aiid south points of the 
wooden horizon of the globe dir<^ ctly over this line ; or, 

. ^ 



1 

* A* « meridian line it useful for fixlngr a horizontal dial, and ffw 
placinj^ a fC^obe directiv north and south, |Bcc. the <liiferent nirltiods 
ot'di'swing a line of this kind will precede the problems on dialling. 
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place the globe ^directly north and south by lb<; mm* 
nef's compass^ taking care to allow for the variation; 
bring the place in which you are situated to the brass 
meridian, and elevate the pole to its latitude ; then the. 
globe will correspond in every respect with the situa- 
tion of the earth itself. The poles, meridians, parallel 
circles, tropics, and ail the circles on the globe, will ' 
correspond with the same imaginary circles in the hea- 
vens ; and each point, kingdom and state, will be tump- 
ed towards the real one, which it represents. 

While the sun shines on the globe, one hemisphere 
will be enlightend, and the other will be in the shade : 
thus, at one view may be seen all places on the earth 
which have day, and those which have night,* 

If a needle be placed perpendicularly in the middle 
of >the enlightened hemisphere (which must of course . 
be upon the parallel of the sup's declination for the giv- 
en day). It wiil cast no shadow, which shows that the 
sun is vertical' at that point ; and if a line be drawn 
through this point from pole to pole, it. will be the me- 
ridian of the place where the sun is vertical, and every . 
place upon this line will have noon at that time ; all 
places to the west of this line will have morning, and 
all places to the east of it afternoon. Those inhabi* 
tants who are situated on the circle which is the boun- 
dary between light and shade, to the westward of the 
meridian where the sun is vertical, will see the sim 
rising ; those in the same circlie to the eastward of this 
meridian will see the sun sety;^ng. Those inhabitants 
towards the north of the cirf.e which is the boundary 
between light and shade, ^ J perceive th^ sun to the 
southward of them, in the W t«on ; and those who are 
in the same circle tWards^ .he south, will see the sun 
in a similar manner to the /north of them* 
' If the sun shine beyond' the north pole at the given \ 
time, his declination is as« many degrees north as he 

■ ■ , ' 'f "I '! ' '« ii«pii| 1 1 .Miiipi II ,p,, ' ' ' i ■ i> I i 1 1 » n 1 ii n I ■ «i« > J )ii . ^iti^ «iii • ■ n 

• PoriMs part of the p^-oMenf* it woiM be more convenient If the , 
fj\obe coii'd be pponcrly supp05#ted without the frame of it, because 
the ^a<low of Its stinrl, and thjat of^its horizon, will darken several 
patts oftbe^arfAce of the s^objb, which would otherwise be enligltt- 



thfa 
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thtiMis AVer the pole ; and all places at tlmt diatance 
from the pole will have constant day, till the sun*s d^- 
imation decrease9,.and those at the same distance from 
the south pole will have constant night. 

if the sun do not shine so far as the north pole at 
the given time, his declination is as many degrees south 
as the enlightened part is distant from the pole ; and 
all places within the shade, near the pole will have con* 
stant night, till the sun's declination increases norths- 
ward* While the globe remains steady in the position 
it was first placed, when the sun is westward of the 
meridian, you may perceive on the east side of it, in 
what manner the sun gradually departs from place to 
place as the night approaches ; and, whe^ the sun is 
eastward of the meridian, you may perceive on the 
western side of it, in what manner the sun advanc<(S 
from place to place as the day approaches. 

PROBLEM LIX 

The latittide of a place being given^ to find the hour of 
the day at any time when the sun shines. 

/ Rule 1. Place t}ie north and south points of the 
horizon of the globe directly north and south upon « 
hori:^ontal plane, by a meridian line, or by a mariner's 
compass, allowing for the variation, and elevate the 
pole/ to the latitude of the place ; thei|, if the place be in 
north latitude, and the sun's declination be north, the 
sun will shine over the north pole ; and if a long pin be 
fixed perpendicularly in the direction of the axis of the 
earth, and in the centre of the hour circle, its shadow 
will fall upon the hour of the day, the figure XII of the 
hour circle being first set to the. brass meridian* If 
the place be in north latitude, and the sun's declination 
be above ten degrees south, the sun will not shine up- 
on the hour circle at the north pole. 

Rule 2. Place the globe due north and south upon a 
horizontal plane, as before, and elevate the pole to the 
latitude of the place ; find the sun^s place in the eclip- 
tic, bring it to the brass meridian, and set the index of 
the hour circle to XII ; stick a needle perpendicularly 
in the sua's place in the ecliptic, and turn the globe on 
its axis tUl the needle casts no shadow ; fix the globe in 
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this pdsition, and the index will show the hour befere 
12 in the morning, or after 12 in the aJterooom 
' Ituie 3. Divide the equator into 2^ equal parts from ' 
the point Aries, on which place the number V I ; and 
pix>ceed westward VII, VI ll IX, X, XI, XII, 1, 11, 
Itl, IV, V, VI, which will fall upon the point LUka, 
VII, VIII, IX» X, XI, XII, I, II, III, IV, V;* tle- 
vate the pole to the latitude, place the globe due north 
and south, upon a horizontal plane, by a meridian line, 
or a good mariner's compass, allowing for the varia- 
tion, and bring the point Aries to the brass meridian ; 
then observe the circle which is the boundary between 
light and darkness westward of the brass meridian;^ and 
it ^11 intersect the equator in the given hour in the 
momtng^; but, if the same circle be eastward of the 
brass meridian, it will intersect the equator in die giv- < 
en hour in the afternoon. 

Or, Having placed the globe upon a true horizontii 
plane, set it due north and south by a meridian line ; 
elevate the pole to the latitude', and bring the point 
Aries to the brass meridian, as before; then tie a smaU 
string, with a noose, round the elevated pole, stretch 
its other end beyond the globe, and move it so that the 
shadow of the string may fall upon the depressed axis ; 
at that instant its shadow upon the equator will give 
the hour.| 

rR0BL£M LX. 

Tofndthe sun^s altitude by placing the globe in the 

sun-shine* 

Rule. Place the globe upon a truly horizontal plane, 
stick a needle perpendicularly oyer the north pole,^ in 



* On Adams* i^lobes the antarctic circle is thus divided, by which 
the problem may be solved. 

f The learner must remember that the time shown in this prob* 
lem i» solar time, as shown by a sun-dial : and, therefore, to-«gree 
with a ^Qod cl^ck or watch, it must be corrected by a table of equa- 
tion of time. See a table of thia kind aiQong the suceeedtng prob- 
lems. 

\ it would be an improvement on the f^lobes were our instrtmient 
makers to drill a very small hole in the brass meridian a?er the 
north pole. 



.ri&X. 



thp.^^cljjQ^ of the axis of the globe« aB4 turn the pok 
towards the wO) so that the shadow of the needle tnay 
faU upoa the middle ol the brass meridian ; then elevate 
or depress the pole till the needle casts no shadow ; fof 
then it will poiiit directly to the sun ; the elevation of 
the pole above the horizon will be the aim's altitude*. 

PROBLfiM LXI. 

« 

To find the nmV declination^ his place in the ecliptic j 
and his azimuth^ by placing the gft)be in the sun" 
shinem 

RuU* Place the globe upon a truly horizontal plane^ 
in a^onh and south direction by a meridian line, and 
elevate the pole to the latitude of the place ^ then, if the 
sun shine beyond the north pole, his declination is as 
many degrees north as he shines over the p(rie ^ if the 
sun do not shine so far as the north pole, his declins^ 
lion is as many degrees south as the enlightened part 
is distant from the pdle;. The sun's declination being 
found, hts place may be determined by Prob. XX. 

Stick a needle Jin the parallel of the sun's declination 
for the given day,* and turn the globe on its axis till 
the needle casts no shadow ; fix the globe in this po^ 
sition, and screw thcf quadrant of altitude over the lati- 
tude ; bring the graduated edge of the quadrant to co« 
incide with the sun's place, or the point where the 
needle is fixed, and the degree on the horizon will 
show the azimuth. 



FROBL£M LXII. 

To draw a meridian fine upon a horizontal plane ^ and to 
determine the four cardinal points of the horizon. 
Rule 1. Describe several circles from the centre of 
the horizontal plane, in which centre fix a straight wire 



* On Adams' globes t)^ torrid zone is divided into degrees b)r 
dotted lines, so that the parallel of the sun's dcdlnatioa is iniiliu>tiy 
found: in using other globes, observe the declination on the br .-s 
meridisR) uid stick a n^dle perpendiculaily in the globe under that 
degree. 
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the end of the shadow touches one ot the cirdes ; in tlfc 
atieraoon mark where the tend of the shkdow touched 
the same circle ; divide the arch of the circle contaiined 
between these two poincs into two equal parts ; a line 
drawn from the point of division to the centre of the 
plane will be a true meridian^ or north and south line ; 
and, if this line be bisected by a perpendicular, that 
perpendicular will be an cast and west line : thus you 
will have tlie four cardinal points ; but, to be very ex- 
act, the piane must be truly horizontal, the wire must 
be exactly perpendicular to the plane, and the extremity 
of Its shadow must be compared not only upon one of 
the circles, as above described, but upon several of 
them. 

jRuIe 2. Fix a strong straight wire sharp pointed at 
the top in the centre of your plane, nearly perp^^dicuiap^ 
place one end of a wooden ruler on the top qi the wire, 
and with a sharp pointed iron pin, or. wire, in the other 
end of the ruler, describe an arch of a circle ; take off 
the ruler from the top of the wire, and observe, jai two 
different times oi the day, when the^hadow of the top 
of the wire fails upon the arch of the circle describi»El 
by the ruler ; mark the two points, and divide the arc^ 
between them into two equal parts, and draw a lia^ 
from the point of bisectiQ>SLjo the centre of 3^ur plane: 
this will be a meridian line^ . «^ 

I^ule 3. Hang up a piumbrline in the aun-shine, ao 
that it may cast a shadow, of a considerable lengtt^ up- 
on the horizontal plane, on which you intend to drair 
your meridian line ; draw a line along this shadow up- 
on the plane, while at the same time a person takes the 
altitude of the sun correctly with a quadrant, or some 
other instrument answering the same purpose ; then, 
by knowing the latitude of the place, the day of the 
tnonth, and of course the sun's declination, together 
with his altitude ; find the azimuth, from the north, by 
spherical trigonometry, and subtract it from 180? ; 
make an angle, at any . point of the line which was 
drawn, upon your plane, equal to the number of de- 
grees in the remainder, and that will point out the true 
meridian. See Keith's Spherical Trigonometry, page 
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PRQBLEK. XXlir; 



T^mah a k^biontal diaifor mnylatituib. 

'Definitions ahd Observations.'^^DiM.mg^ or the Aft 
of constructing dials,' is founded entirely on astrono^ 
xny ; and, as the art of measuring time is of the greatest 
importance, so the art of dialling wAs formerly held in 
the highest esteem, and the study of it was cultivated 
by all persons who had any pretensions to science* 
Since the invention of clocks and watches, dialling hai 
not been so much attended to, though it will nevel- be 
entirely neglected ; for, as clocks and watches are liable 
to stop and go wrohg, that unerring instrument, a true 
8un-dial, is Used td correct and to regulate them. 

Suppose the globe of the earth to be transparent (ai^ 
Represented by Fig. 4, in Plate II), with the hour circles 
or meridians, &c. drawn upon rt, and that it revolves 
round a real a^tis NS, which is opaque, and casts a 
shadow; it is evident, that whenever the edge of the 
plane of any hour circle or meridian points exactly tfji 
the sun; the' shadow of the axis will fall upon the oppo- 
site hour circle or meridian. Now, if we imagine any 
opaque plane to pass through the centre of this transpa- 
rent globe, the shadow bi half the axis N£ will always 
fail upon 6ne side or other of this intersecting plane. 

Let ABCD represent the plane Oi the horizon of 
London, BN the elevation of the pole or latitude of the 
place; so long as the sun is above the horizon, the 
shadow of the upper half N£ of the axis will fall some- 
#here upon the upper side of the plane BCD. When 
the edge of the plane of any hour circle, as F, G, H, I, 
K, L, M, O, points directly to the sun, the shadow of 
the axis, which axis is coincident with this plane, 
marks the respective hour line upon the plane of the 
horizon' ABCD ;'the hour line upon the horizontal 
place is, therefore, a line drawn from the centre of it, 
to that point where this plane intersects the meridian 
opposite to that on which the sun shines. Thus, when 
the sun is upon F, the meridian of London, the shad- 
ow of NE the axis will fall upon £, XII. By the 
same method, the rest of the hour lines are found, by 
drawing, for every hour, a line from the centre of the 

Ll 



^aliy mpotite to tbe meridian poinang tMacdy to cte 
tint* iC wilcu tiig boiMT^trdfamy thuftfemri. idktkft 
lines be uk«a«ir«y eausepc the MOii^iiis Nfc, friiftix«^ 
mains wili be a bomontal diid IVnt the given fl»094 
pram what has been premisedf the fattQwing ohscfi* 
vations natmaUy arise : 

1. The gnomoa of ereiy sun-dial must almys bt 
{Norallel to the axis of the earth, and must point durectlj 
to the tiro poles of the world* 

2. As the whole earth is buta pmnt when compare^t 

C'th the heavens, therefore, ii a small sphere of giastf 
placed on any part of the earth's suriKe, so tha^ itrf 
axis be parallel to tbe axis of the earth, and th^ spi^^^i^ 
hfive such lines upon it, and such a plane within it an 
sbove descrtbed i it will shew the honrof the day ^(i 
tniiy as if k were placed at the centre of the earth, aaj^ 
the body of the earth were as transparent as glass. 

' 3. In every horizontal dial the angle wUch the styl^ 
or gnomon, makes with the horizontal plane^ mu^ 
always be equal to the bttitude of the place" lor which 
the cUal is made. . . ^ 

\ Ruk for performing' the Pro&ibii.-4-£levate the po4 
so many degrees above the hcni^on as are i^qua^ to dm 
latitude of the place ; bring the point Aries^to the br»^ 
meridian ; th^ as globes in general ^ have meridiaiis 
drawn through every 15 degrees of longitude,' ^i« 
ward and westward from the point Aries, oliaeriik 
irhere these meridians intersect the horizon, and nom 
the number <rf degrees between each of 4iem ; t^ 
arches between the res^ctive hours will be equal ^ 
these degrees* The dial must be numbered XII at t 
brass meridian, dienoe XI, X, IX, VIlI, VII, VI» 
rv, &€• towards the west, for morning hours z u.^ 
I, II, III, IV, V, VI, VII, Vm, ike for evenbg 
liburs. No more hofir lines need be drawn than whjt 




On Gary sglobes, the m^idians tat drawn diroiij^ ef^fv tea 
degrees, an akcraUon which answerti no utelul patpo^ whatev^rw 

wfth^a J^nVr^^^^ "^"^ *^*^ Umnigke«iy fift^tnirdes»^ 
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^riBmamttto the suii'^ coBttnuttce irfsove di^ li(6rfi@6tt 
<Mthe longcBtday at the given place. The styWor 
fttoHMnoC^lie duA mofti 4>e fixed in tl^ centre of the 
idial*{Aiae, and aisdce am mgle therewith equal to the 
VKittide dF the plac^. The iiace of the disd anay he of 
aay shap^, as rotmd^ eUipcieai, aquare, oUong, ike. &Ci 
Example. To make a horizontk dial for tli« latitudt 
tfLoBdon. 

•^ Having elevated the pole 51^ dMp. above the baiicoii»aiidliroQgh| 
t&t point Aries to the brass metiaUn» you will find die menditini 
ap the eastern part of the horizon, reckoning ^ni 12, to be 1 1* 
*'. 24* 20', 38<> ^, 53«» 35^. 71^ fi', and 90», for the hours I, II, 
Hit IV. V, and VI ; <Hr, if you count from ike east towards tbe 
iputh, they wiU be O**, IS^ 54^> 36*» 35', 51^ 57M65« 40'. and 7^ 
10' for the hours VI. V, IV. Ill, II, I, reckoning from VI o'clock 
Irackward to XII. There is no occanon to g^ve we distances far^ 
UKr thaa VI, becMMe tbedistattces from XII to VI in the fom^ 
aoon areexact|)r tlie same as from XII to VI in the afternoon ; and 
tour-lines continued tbroush the cen^e of the dial are the hoUft 
4h the oppoaite parts thereof 

The following table piletdated by spherical trigonometry, con* 
twaanot only the hour aiehea, but the Mvea and qnaitersfrom 
JpUoVl. 
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The calculation of the hour arches by spherical trigonometry is 
sitremf Iv easy :' fiiriwlule the ginbe remains in the position above 
described, it will be seen thai a right anried anherieal triangle ia 
IS^rmed, the perpendiouUtf of which is the latitude, its base the houf 
Ifcht mX iti rerteal aagle Uia hoar angle. Hence, 
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As ti^iM, sine of 90** V 

Is to sine of the latitude ; ^ * 

So IB the .ani>ent of the hour anjgle, "* 

Tothe taQfOfitofthehouraraliOA thehttrizon. '^ 

. It may be observed hei^ \hi if i^ hovifsontid 4Udf ^idr tl>e«9 the 
ioiu- by the top of t lie perpendicular gnomon, be made for a place,i{^ 
€fie torrid zone, wheneveir ihe »un'8 dedinaiion exceeds the lat.i.<ide 
4)f the piaee, the shadow <^ the gpHomon wiU go back twice in tli4 
liay i once in tlie ibr^noan, and once t|i th« atfttmoon ; and tbe > 
greater tlie diiilerence between the latitude and the Biui'sdecUnat^p 
19, the failher die S'^adow will go back. In the 3'8th chapter of 
Isaiah, Hezekiah U promised that his life should be prolonged 15 
years, and, as a sign of this; he is also promised that the snadow 
of the sun dial of Abaz shall go back ten degrees. This was tru%^ 
as it was then conside'cd, a miracle ; for as Jerusalem, the plac^ 
^herethe dial of Ahaz was erected, was ovit of the torrid ^one,'th9 
rtisdow could not possibly gt> back fron^ anj^ natural caqs^. 



PROBLEM tXIV. y. 

To make a vertical diai^ facing' the sorjith^ in nor^ 

, latitude. 

• ..*•» <»•• • » ^^ 

Definitions and Observations^-r-T^t hoiizoBtal dial^ 
aa described in the preceding problem^ was qu^mm^ 
to be placed upon a pedestal, and as the sui^ always 
3hines upon such a dial when he is above the horizoi^ 
provided no objects intervene, it is the miost comple^ 
bf all kind^ of dials. The next in utility k the verticidi 
dial facing the south in north latitudes ; tnat is, a dial 
standing against the wall of a^ building which exactly 
faces the south* 

^iipppsQ the globe to be transparent, as in th^ fory^* 
going problem, fsee Figure 5, Plate II,) with the hour 
circles or meridians F, G, H, I, K, L, M, O, &c. drawn 
upon it ; ADCB an opaque vertical plane perpendicu- 
lar to ttxe horizon, and passing through the centre of 
the globe. While the globe revolves round its as^s 
KS, it js evidept that, if thq senii*axis ES be opaque 
and cast a slx^do^, this shadow will always fall upon 
the plane ABC, and mark out the hours as in the pre- 
ceding problem. By comparing Fig. 5 with Fig. 4, ia 
Plate II, it will appear that the plsine surface of every 
dial whateyer, is parallel to the horizon of some place 
or other upon the earth, and that the elevation of the 
gtyle or gnomon above the dial's surface, when it faces 
the south, is always equal to the latitude of the place 



whose liorizon is parallel to that surface. Thus it ap» 
pears that SP, which is the co-latitude of London, k 
the latitude of the place whose horizon is represented 
by thu plane ADCB : for, let the south pole of the globe 
be elevated 38^ degrees above the southemipoint of the 
llprizoQ, and the point Aries be brought to the brass . 
meridian ; then, if the globe be placed upon a table, s6 
as to rest on the south point of the wooden horizon, it 
will have exactly the appearance of Fig. 5, Plate II. ; 
the wooden horizon will represent the opaque plane 
ADCB, the south point will be at B, and thie north 
{K>int at D, under London, the east point, at C, ^d thii| 
west point at A. Hence, we have the following !/ 

Rule for performing' the proNemm-^f the pla^e be i| 
north latitude, elevate the south pole to the completner 
of that latitude : bring the point Aries to the bmss'nK 
f idian ; then, supposing meridians to be drawn Arouji, 
every 15® of longitude, eastward and westward froh 
the point Aries (as Is generally the case ;) observe where 
]0iese meridians intersect the horizon, and note t^e 
number of degrees between each of them; the aretes 
between the respective hours will be equal to these je- 
grees. The dial must be numbered XII at the bi^s* 
meridian, thence XI, X. IX, VIII, VII, VI, towW* 
the west, for mominfir hours ; and I, II, III, W^V^ 
VI, towards the cast, for evening hours. As th<^««Jnj 
pani^LOt shine longer upon such a dial as this, than hm 
VI in the morning to VI in the evening, the houriiies 
nteed not be extended any fathen 

Example. To make a vertical dial for the latitu* of 
Londop* 

Elevate the south pole 38J detrrees above the horizon, ar ' bnng 
the point Aries to the brass meridian ; then the meridian s ^Hl in- 
tersect the horizon, reckonin);^ from the south towards ^heeast. in 
the following defirrees s 9^ 28', 19<> 45', 31*» 54/, 4r<> O'.56o 43^^ 
and 90^ for the hours I. 11, III, IV, V, VI ? or, if von r<*wt fronv 
the east towards the south, they will be 0^ 23* 18', 4?' 51 \ 58* 
6*, r0oi5', 80*> 32', for the hours VI, V, IV, III, II, I. T^e dis- 
tances from XII to VI in the forenoon are exactlv the s'W^ a** *-^© 
distances from XII to VI in the aferno*>n. The fon«wiT<p+iMe, 
calculated by spherical trigonometry," cnntal»>s not oily the hour 
Ipicheif, but the halves and quarters ffom XII to VI* 
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thB Aovt Uh\e U dOeidalea euOStf m tbfe §f me j^ner Jk 

m the preeedioif priblem, uftog the eoay te a fe ut-' #f Ike talli 

4^ instead of the latitude. i, - ' . ? 

Ibe Btadent will recollect, that the tinse thewn by a ^im-duJ i^ 

' tie exaet time of the di^i ee thetm by e wateh «r elodr (del 

iom 5S»56, tttd 57, page* 1^ «nd 13.) A good olook measuret 

]uaUy,lKtstinKdial^hmigii4itedibp legttkiyil^ tl6el» «A 

es) meaeuret time uneqoaUy. The foUowinif fdlte ijirill sheir 

to ibi nearest minute hew much acleck ahonld be ftster or slower 

■on^diM 9 itfeli * lableeboilidbepat i^xw every horttoutrf* 



tM iWiitrrkiXt' ituynzi 
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j]>iatem»yb*.4Qii(p|raioted«BtUJkiiiid« ii£t^biie% -mkc^kBt liori- 
z(v^ or inclinfl^ : * vertical dial may be made loiaee the sodtlij 
omwf point of the compaas; but the two dULii^eady deaeribed 
Mia Oh moat iim^. To ac^kOie * coiaplQte knowledge of dialKiie^ 
ttie c^momcal projection dT the apbere, and Uie prineiplea of (n»b^* 
ical trigonometry, must be thoroughly underatood s t&Mie prelimi^ 
nary branchea may be learned fromBmeraon'a Gnomonical Projec* 
tion, and Keith's Trigonometry. The writers on ctialling ar€ very 
numerous s the last and best treali»e on the subject iaiownon*/. 
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CHAPTER 11. 

Problems performed by the Celestial Ghbt^ 



PROBLEM LXV. 

i To find the right ascension and deciinatisn of the sunj^ 

or a star* , 

Ride* Brittg the sun or star to diat pa^t of the brass 
meridian which is aumbered frotn the equator towards 
the poles ; the degree on the brass meridiax^ is the de« 
duiauon, and the number ot degrees on the equinoctial, 
between the brass meridian and the point Aries, is the 
right ascension* 

Or, Place both the poles of the globe in the horizon, 
l>nng the sun or star to the eastern part ot the horizon ; 
then the number of degrees which the sun or star is 
northward or southward of the east, will be the declin- 
ation north or south ; and the degrees on the equinoc- 
tial, from Aries to the hprizoj^, will be the right ai|- 
cension. 

Examples. 1. Required the right ascension and de- 
clination of % Dubhe^ in the back of the great Bear i ' 

Answer. Kight Ascension 162" 49', declination 62^ 48' N. 

. %. Required the right ascensions and declinations of 
the following stars I 

7, Algenib^ in Pegasus* p, Stgel^ in Orion, 
a, Scheder^ in Cassiopeia.jy, xBellatrix^ in Orion. 
py Mirachy in Andromeda. ^^ Bet^guese^ in Orion, 
a, Acherner^ in Eridanus. «, ^amopusy in Argo ^lavis* 
% Menkar^ in Cetus. ayProct/^iiiintheLitdeDog. 

|S, Algoly in Perseus. 7, Algorab^ in the Crow* 
», Aldebaron^ in Taurus. «, ^rcri/rK^, in Bootes, 
a, CapelUiy in Auriga. c, Vendemiatrio^y in Vil^go. 



* The right ascensions and declinations of the moon and the plan- 
ets, must be found from an ephemeris ; becaiuie» by their contin- 
ual change of situation, they c«wot be placed on the celestial 
globe, as the stars are placed. 
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t'Hp^ CEIE8TIAL OLOBB. 96S 

PROBjLEM LXVI. 

To find the latitude and longitude of a star^^ 

ttule* Place the upper end of the quadrant oi Siltitudcs 
on the north or souch pole of the ecliptic, according as 
die star is on the north or sputh side of the ecliptic, and 
jpaove the other end till the star comes to the graduated 
edge of the quadrant ; the number of degrees between 
the ecliptic and the staif is the latitude ; and the num- 
ber of degrees on the ecliptic, reckoning eastward from 
the point Aries to the quadrant, is the longitude. 

Or, Elevate the north or south pole 6t>^^ above th^ 
horizon, according as the given star, ia on the north or 
south side of the ecliptic ; bring the pole of the ecliptic 
to that part of the brass meridian which is numbered 
from the equinoctial towards the pole ; then the equi- 
noctial will coincide with tha^horizon ; screw the quad- 
rant of altitude upon the brass meridian over the pole 
of the ecliptic ; keep the globe from revolving on its 
axis, and move the quadrant till its graduated edge 
couies over the given star : the degree on the quad- 
rant cut by the star is its latitude i and the sign and 
degree on the ecliptic cut by the quadrant shew its 
longitude. 

Examples. 1. Required the latitude and longitude 
of » Aldebar^n in Tauras ? 

Answer. Latitude 5* 28' S. longitude 2 signs 6** S3' \ or 6" 
53' in Gemini. 

2. Required the latitudes and longitudes of the fol- 
lowing stars ? 



(», ^r>i6[^, inPegasus» 
^, Sckeat^ in Pegasus. 
^, Fomalhaut^ in d^ S. Fish. 
it, Deneb^ in Cygnus* 
A, Altaivy in the Eagle. 
0, Albireoy in Cygnus. 



et) Vega^ in Libra. 
7, Rmitaben^ in Draco. 
ft, AntareSy in the Scorpion* 
ui Arcttirus^ in Bootes. 
j^, Pollux^ Gemini. 
/3, Rtgelf in Orion. 



* The latitudes and longitudes of the planets musy^ be found 
from an ephemeiis. 

M m 
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PROBLEM iXVU. 
The ri^ht aaceusion anddeciination ofaatar, the moon 
a pianet, oro/accmet, being given, to find its phc^ 
enthegtobt. 

SuU. Bring (he givoo d«greei of ri^ ascension te 
that part of the brass meridian which is numbered from 
the equinoctial towartfe the poles j then, under die giv- 
en dcclioation qb the Iwasa meridian, yoa will find the 
star, or place ot the planet. 

Examfileg. 1. What star has 261° 2e':of rirftt as- 
cen8i(»i, and 52° S7' north declination i 

Anawer. fi id Braoo. 



TBS C«rE#TSAZr eS.eiS« S^¥ 

d< On the 20tk of August 1 805^ the moon's right asf 
tension was 91° 3', and her decUilatton 24P 4i8' ; find 
ler place on the globe at that time* 

Answer. In the miiky Way» a little alfove the left foot cff . 

CMt(^, 

3« What stars have the following right ascensions 
and declinations ? 

ilight Ascensions Decimations- l^ight Ascensions. Declinations. 



?° 


19* 


5S^ 


26' N. 


«3» 


6' 


34*^ 


11' S. 


11 


U 


59 


38 N. 


86 


13 




55 N. 


Its 


54 


19 


SO N. 


99 


5 


16 


26 S. 


46 


351^ 


9 


34 b. 


110 


2/ 


32 


19 N. 


&3. 


54 


23 


29 N. 


113 


16 


28 


30 N. 


f6 


14 


8 


2r s. 


129 


2 


7 


8 N. 



4* On the first of December 1810^ the moon's right 
ascension was 320° 28\ and her declination 1 1° 45' 
S. ; find her place on the globe. 

5. On tte fiist May 1805, th^ declination of Venuft 
was 11° 41' N., and her right ascension 31° 30' ; find 
her place on the globe. 

6. On the 19th of January 1805, the .declination of 
Jfupiter was 19® 29' south, and his right ascension 238° » 
find his plate on the globe. 

PROBLEM LXVIII. 

The latitude and longitude ojthemoon^ a star, or apian*' 
et^ giveny to find its place on the globe. 

Rule. Place the division of the quadrant of altitude 
IkHirked o, on the given longitude in the ecliptic, and 
Ae upper end on the pole of the ecliptic ; then undet 
the given latitude, on the graduated edge of the Quad- 
rant, you will find tiie st98*, or place of the moon, or 
planet. 

Exampks. %* What star has O signs 6° 16' of longi^ 

tude, and 1^° 36' N. latitude f 
• Answer, y in Pegasus. 

2* On the 5th of June 1810, at midnight, the moon's 
longitude was ds. 26° 39', vA her lat^ide 4P 55' S. ; 
find her place on the globe. 

3* What stars have the following latitudes »m1 long^« 
tudes? 



f68 PROBLEMS PERTORMED BT 

Latitndet. Longitades. I.nhikUs. Long^i^iaes. 



5 39 N. 2 6 5S 

31 8 S. 8 13 56 

U2 52 N. 2 18 57 

16 3 S. 2 25 51 



39°33'S. 3M1° 1^ 

10 4 N. 3 17 21 

O 27 N. 4 26 5r 

44 20 N. 7 9 2f2 



21 6 S. 11 O 56 

4. On the first of June 1810, the Ibngitudes and lati* 
tudes of the planets were as follow ; required their 
places on the glohe ? 

L'^cr tides Latitucles Longitudes. Latitadet. 

$ 3' 1*^ S5' (fi 58' N. V 1* 15' 47 €P 56' S. 

5 3 :iJ7 1 5 N. 12 8 12 20 1 47 N. 

^ 2 14 7 32 nJ fl[ 7 n 6 24 N. 



PROBLEM LXIX. 

The day and kour^ and the latitude of a place being given, 
to find what stars are risings settings culminating^ &?r. 

Rule. Elevate the pole to the latitude of the place, 
find the sun's place in the ecliptic, bring it to the brass 
meridian, and set the index of the hour circle to 12 ; 
then, if the time be before noon, turn the globe east- 
ward on its axis till the index has passed over as naany 
hours as the time wants of noon ; but, if the time be 
past noon, turn the globe ^vestward till the index has 
passed over as many hours as the time is past noon : 
then all the stars on the eastern semi-cirde of the hori- 
zon will be rising, those on the westerti semi*circle will 
be setting, those under the brass meridian above the 
horizon will be culminating, those above the horizoa 
will be visible at the given time and place, those below 
will be invisible. If the glo()e be turned on its axis 
from east to west, those stars which do not go below 
the horiz;on never s^t at the given place ; and those 
which do not come above the horizon never rise ; or, if 
the given latitude be subtracted from 90 degrees, an* 
circles be described on the globe, parallel to the equi* 
noctial, at a distance from it equal to the degrees in the 
remainder, they will be the circles of perpetual appa-^ 
rition and occultation. 

Examples. 1. On the 9th of February, when it is nine 
o'clock in the evening at London, what stars ai*e rising. 



wltat stars are' setting, ,and what stars are on the me- 

'ridian, 

\ ' Answer. Alphacea in the nortbentCi^wn is rising ; Arctums and 
Miraf[^ in BoiStes just above the horizon ; Sirius on the meridian $ 
Procyon and Castor and Pollux a little east of the meridian. The 
constellations Orion, Taurus, and Auriga, a tittle west of the me<« 
ridian ; Markab, in Pegasv>s, just below the western edge of t&e 
horizon, &c. ( 

2. On the 20th of January^ at two oVlock in the 
morning at London, what stars are rising, what stars 
are setting, and what stars are on the meridian ? 

Answer, Vega in Lyra, the head of the Serpent, Spica, Virgims, 
&c. are rising ; the head of the great Bear, the claws of Cancer, &c. 
on the meridian ; the head of Andromeda, the neck of Cetus, and 
the body of Colnmba Noachi, &c. are setting. 

3. At ten o'clock in the evening at Edinburgh, on 
the 15th of Novemberi what stars are rising, what stars 
are setting, and what stars are on the meridian i 

4. What stars do not set in the latitude of London^ 
and at what distance from the equinoctial is the circle of 
perpetual apparition ? ^ 

5. What stars do not rise to the inhabitants of Edin- 
burgh, and at what distance from the equinoctial is the 
circle of perpetual occultation? 

6. What stars never rise at Otaheite, and what start 
never set at Jamaica ? 

T* How far must a person travel southward from 
London to lose sight of the Great Bear i 

8* What stars are continually above the horizon at 
the north pole, and what stars are constaintly belpw the 
horizon diereof ? 

PROBLEM LXX. 

The latitude ofaplme^day of the months and hour being 
given^ to place the gloke in such a manner as to rejre- 
sent the heavens at that time; in order to find out the 

• relative situations and names of the constellations and 
remarkable stars. 

Rule. Take the globe out into the open air, on a clear 
8tar*light night, where the surrounding horizon is un- 
interrupted by different objects $ elevate the \,o\^. to the 
latitude of the place, and set the globe due north a..d 
south by a meridian line, or by a mariner's compass. 



takb^ care t^ make a fnper dlowaiiea far tlie vari i i i' 
tioQ ; find the sun's place in the ecliptic, bring it to th« 
brass meridian, and set die index of the hour civele to 
18 ; then, if the time be after noon, turn the globe west- 
ward on its axis till the index has passed over as many 
hoiffs as the time is past noon ; but, if the tiime be fae^ 
fore noon, turn the globe eastward till the index has 
passed over as many hours as the time wants of noon : 
fix the globe in this position, then the flat end of a pen- 
cil being placed on any star on the globe, so as to point 
towards the centre, the other end will point to that par* 
dollar star im the heavens* 

FROBtEM LXtU 

Tojind when any star^ or planet^ wilt rise^ comf to. the 
meridian^ and set at any f^iven place. 

Xule. Elevate the pole so many degrees above the 
horizon as are equal to the lajdtude of the place ; find 
the sun's jdace in the ecliptic, bring it to the brass me* 
ridian, and set the index of the hour circle to 12 ; 
bring the the star (or the planet's place*) to the eastern 
part of the horizon, smd the hours between the sun's 
place and the brass meridian will be the time from noon 
when the star or planet rises* If the sun's place be to 
the east of the brass meridian, the star or planet wiQ 
rise before noon ; if the sun's place be to tSbie west of 
the brass meridian, the star or planet will rise after 
noon. In a similar manner, by bringing the star or 
planet to the n^ridian, and western part of the hori^ 
zon, you will have the times of its culminating and 
setting. 

Examples. 1. At what time will Arctums rise, come 
to the meridian, and set at London, on the 7th of Sep* 
tember ? 



* The IfttHude and lon^nde (or the right ascemiion mddeetins* 
ion) of the pUnet, must he taken from an epheiDerifly and its |xlao& 
b& the globe nuat be determined by Prob. LXVni (or LXVII). 



iHsmmr. M «ii ite at sftvtw i^elalfl: In thft nmlaiiiif^ embe t* 
the meridiaa at thr«« ia the aliArasiai^ afl4 Mt ^J^ «kevftB o'clock «l 
night 

2. On the first of August 1805^ the loiigitude of Ju* 
pher was 7 signs 26 deg. 34 min., and his latitude 4$ 
min. N. ; at what time did he rise, culminate, and set, 
at Greenwich, and whether was he 9^ morniag ar «ta 
evening star? 

Answer Jupiter rose at half past two in the afterneon, came to . 
tlie merKfian at afeoHt ten iftiniMaea tji> seven, and set at a quarter 
}l^ eUven in th« eveain^. , Hece Juj^ter vtm m «veiung star, be* 
cause he set aftei- the sun. 

3. At what time does Sirius rise, set, and come to 
the meridian of London, on the 31st of January? 

4. On the 1st of January 1810, the longitude of Ve* 
BUS was 8 signs 22 deg. 54 min. and her latitude Q deg. 
% min. N.i at what time did she rise, culminate^ and 
set at Greenwich, and whether was fthe a morning or 
aa evening star f 

5. At what time does Aldebaran rise, come to the 
meridian, and set at Dublin, bh the 2^5tih of November i 

6. 0» the ftrstaf February 1810, Uie longitude of 
Mara was i X sigms 16 deg. 9 min.; aad latitude O deg* 
46 min. S. at whait time dkl he ri^e^ aei;, ami come xq 
the meridian of Greenwich i 



rROBL£H JLXXIX* 

Tojind the amplitude of any star^ its oblique mernuhn 
anddescension^and its diurnal ar^h^ for any given day. 

Rule. Elevate the pole to the latitude of the place, 
and bring the given star to the eastern part of the ho- 
rizon ; then the number of degrees between the star 
and the eastern point of the horizon will be its rising 
amplitude ; and the degree of the equinoctial cut by the 
horizon will be the oblique ascension : set thje index of 
the hour circle to 12, and turn the globe westward till 
the given star comes to the western edge of the hori- 
zon ; the hours passed over by the index will be the 
star's diurnal arch, or continuance above the horizon* 
The setting amplitude will be the number of degree* 
between the star and the western point of the horizon^ 
and the oblique descension will be represented by that 



2H PMt£.l^» Mlt»Mif£& oAr 

degree of the equitobcdal vMch is ifite»eote'd l^'dlte 
^ hofizoQ) reckaning £rom the point Aries. 

Examples^ 1. -Required* the rmag aod Siettuigk.sm-* , 
plitude of SiriuA, its oblique aaiee&sioti) oblique dt^cea* 
sion, and dhtrnftl areh, at London? 

Answer. Th^ miae ABipklMde Is 27' deir- to.the.8QiHkof;tte. 
ewti ^^n(^ aonplitude 27 4eg south of tfa^ west ; oblique ascen-' 
•ion 120 deg. ; oblique descension 7t deg ; and diurnal arch 9 
hours 6 minutes- 

. 2. Required the rising and setting am^itwide of AU 
debaran, its oblique ascension, oblique descension, and 
diurnal arch, at London ? ' 

3. Required the risingand setting ampUmdeof Arc« 
torus, its oblique ascension, oblique descension, and 
diurnal arch, at London T ^ 

' 4. Required the rising and setting apiplitude of t^ 
Bellatrix, its oblique ascension^ oblique descension, and 
diurnal arch, at London? 

• ' PROBLEM LXXIII. 

•\ . • r 

Tb^ latitude of a place givmi ta find the time of the year 
SI 0t which any known star rises or sets ackronically^ 
-Kthat is when it rises or sets at sunsetting* 

r Rule. Elevate the pole to the latitude of the place, 
bring the given star to the eastern edge of the horizon, 
and oBserve what degree of the ecliptic is intersected 
by the western edge of the horizon, the day of the month 
an&wering to that de^pree will show the time when the 
star rises at sun-set, and consequently when it begins 
to be visible in the ev^^R^ Turn the globe westward 
on its axis till the star comes to the western edge of the 
horizon, and observe what degree of the ecliptic is in- 
tersected by the the horieon,as before; the day of the 
month answering to that degree will show the time 
when the star sets with the sun, or when it ceases to ap- 
pear in the evening* 

Examples. 1. At what time does Arcturus rise 
achronically at Ascra* in BoeoUa, the birth place of He- 
siod ; the latitude <i^f Ascra, according to Ptolemy, being 
38 deg. 45 mim N. ? 



Htaaaatn^lH 



See page 15« 



:JmwffJt^'^^f^om i^jt U» etstem pwt of tbehorizpo, 
the eleventh degree of Aried wm be at tne western part, ann^ermg 
to the first of Apii)»* the time when Art turoa i^ses admrnitfJaft 
asd ie ifW-ttt tchioilicaUy on thh 3mk «f November. 

'2. >At nvhat titte of the year does Aldebarm rjbit 
dcfaranicaUy at Athens^ in da.deg* JN. Jatitude? sumI 4it 
w^t iime jof the year does it set achronically i 

3» On what day of the year does y in the ejt^Boktf 
-W'the wingbf Pegasus rise achronicaily at London? 
and on what day of the year does it det achronicaily I ' 

. 4. On What day of the year does e in the right foot of 
Lepus rise achronicaily at London? aUd on what day of 
the year does it set achronicaily i 

PROBtEM LXXIV. 

Tfie latitude of a place giien^ to find the time df the year, 
at which any knbivnstdf rises or sets cosmically; that 
j>, when it rises or sets at sun- rising. 

Rule. Elevate the pole to the latitude of the plac^^ 
bring the given star to the eastern edge of the horizon, 
and observe what ^ign and degree ^of the ecliptic ar^ 
intersected by the horizon; the month and day of the 
month, answering to that sign arid degree, will show 
the tim^ when the star rises with the sun. Turn the 
globe westward on its ax!& till the star comes to the. 
western edge of the horizon, and observe what sigd 
and degree of the ecliptic are intersected by the east- 



"^ Hence, Arctufus now rises achxonically in latitude 37^ 46' K* 
^ut loo days after, the winter solstice. Hesiod, in his Opera and 
pies, lib. ii. verse 185, siiys : 

When from the source sixty, wintry days 
Their turns have finished, mark^ with g^utt'riQg riys* 
Ffom Ocean's sacred flood, Arcturus rise. 
Then first to gild the dusky et|?ninff skies. 
Here is a difference of 40 days in the acnronical risine of thii star 
(supposing Hesiod to be correct) between the time of^Hesiod &n4 



die present time ; and as a day answers to about 59' of the eclip* 
tic (see the note page 14), 40 days will answer to 39 deg. : conse^ 




reckoning. Leltit)f^iere» ih Vis dlassical Dictto&aiy, wrys, He>iod' 
U ved 907 years before Christ. 

^' n 



90% l& twi|^ willtt tl|e ftor •eu at «uiiHriMii§. • , ^ 
£xampk$<> k. At wlMt loM of tb« ymr dot ih^ 
Pknairft tet oot^Mcally «l. Miletpia^ia loour tbt Jnitl^ 
fhic»«f TlidM;4«ul«twiMitluneqf the. fear jto they 
rite oiWHoi%>f thalMtiidC'Of jMiklus» tcnwlHi^. 9 

Amwer. 7benei«de»i)M«itht|k9BQaoft<|ie.l0^fiCM«|r»a^ 
tt«y set at tl^ time of sun-risuij^ on the 23d of NovemW.* 

- %. At what time of the year does Sirius rise wtdi the 
fp, at London ; and at what time of the year witt S^chil 
fil wtieid the sua rises I 

3* At what time oTthe year does Meiilcar, fai'die-jaSI 
9f Cetus, rise with, the smi^ and at What time doei ft 
aet at sim-rising, at London? 

. 4. At wlitt tinie of die year does Ytptjap^ P^J^ 
liittle' Ppg^s stomachy set nidien the sun rises aiXSi» 
don, ahd at what time of the year does it rtlje wkh dit 
9unr 



•» * 



PiiOBffiM L:fxy. ^ 



-. ^ % 



\.' ^ 



To find the tirke of the yeair when any g^ek Uttr'rii^ 
^" ' or 9eti heliacailyA " '"^ 

. ^ti(r.. Xhe.h^lf9V:4 riung and i^Umgof tl|a ^'^prif^iip 
iiary ^ccord^g to their different degrees ot a^agi^iiuj^ 

^' ■■ ■ 111 ■ ■ ■ I 

^ Vfiny.tsys (Kkt Ifist lib x«iIL«i^l5.) OiatThsles dctcnalDed 
tlv»ept|Sicsl setting of tile Pleif^ss to \^ tweaty-fi^ dm, aft^ t|if 
Sutumnal equinox. Supposing this obsenration to be maoe at MilA- 
tos, there will be a cfirorence of thirty-five daVs in the cotnocid a^ 

tmg ofthis star shice the time of Thales ; alid, ss a (lanr ah^^renr tf 
about 59' of tlie ecKptic, these da^s ^U make about 34^ 35' i eoi)^ 
sequenttvt ift the time of Thales, tSSt siltunmal ciquinoetdi^cotoi^ 
passed through 4^ 35' of Scorpio ; and as before^ 5G^' : 1 year z i 
M"^ 25' : 2465 years since' the lime of Thales, so tbalTbdtes fired 
(2465 * 1 804) 661 years befsre the birth of Christ Aceordhig ift 
Sir I. Nevton*s Chronology, Thales flourished 596 be|we Chn^ 
Thales was well skilled in jg^ometry, astronomy, and. pnitosophy ; 
he measured the height ana extent of the Pyramids of Egypt,. was 
the first who calculated with accuracy, a solar eclipse : he discoi^ 
ered the sblstices and equinoxes, divided the heavens into ^e 2one4 
and rcicommended the division of the year into 365 days. Miletifi 
was situated in'AsisMi!ior,*'soathor Ephesos^ and soathcsstof 
die island of SaAos. ' ^ ' 



1^ 



m 

» wkea aiiofMi dM^ lioshK«%.t}te ksa tk«;«Ni» wiM be dglr 
iti^ilr^ below die horkEoh wbea that star first bedo«i«i 
ikiblei ilice(vhlin|r to VttAtimji siarrs i>f tlie first tttfig» 
)^ode arejseen rising and setting when the suti i* fWth^ 
tfeg^eer beferw die horizon i; stiits of the .second Iktagni- 
tude require the sun's depressk>tttob«fldfteeife4egrteS'| 
htkv^- of the third ntagmtode fourteen degreeA» ta^mjf 
M^ reckomhf on^ de^i^ for eadi nuignitude. Thi|' 
Iwinfl preniidodf* . > 

\;^>Asohe the problem* Elevate, the .]iole fh man; de^ 

fafeiba^nfv did bmiteBU .a« sank eiqgial ta the latttud^.ol 
e place, and screw the quadrant of altitude .mH Aft 
brass meridian over that latitude ; bring the given stair 
tp , the eastern edgci of the horizon, and move the quad^ 
l^ot of sdtitude Si it intenraw tbt ecliptk twelve def 
;rees below the horizon, if the star be of the first ma^ 
itade ; thht^eii degreeil, if At star be of the secoM 
magnitude ; fourteen degrees if it be of the tfcird mag* 
ipatodn, &c. : d^Q point of the ecliptic, cut by the quaa« 
ttfit, wilt show the daf of die month, on the h^irizon, 
|rh« the %tfX tifcsi h^tsdly . Bring the given s^r id 
m& western edge of die .horizon, and move the quad*, 
imnt of airitiide till it intef secu the eclmdc below tbM 
W&i^tfitd^iit Hhe h^2on,hi a niflkHar ibtttoe^ a^ 
iNefisite'; die point of the ediptic^ cut- by the quadrani 
will show the day of tbe mDndi,< on the horizon, wheq^ 

t&e dtar sets hetiatally. 

: Mxample: 1. . At what tSme does /r Tanri'i or di^ 
Mg^t star in the BulPs Horn, of the second magni* 
tade, rise aiid set heliadally at Rome ? 

Answer. The quadrant will intemieGt the $d of Cattc^r 13 degv 
f^low the eastern horizon, litis Wering to the 24th of |ime ; and th<$ 
fth of Cemini tS Ag. below the westpm horizon, answering to the' 
SathofMay. 

> 3. At what; dme of die year does Siriiis, or the Do^ 
^car, rise heliaoally at Alexandria in £g3n[>t ; and at 
what time doea ifset hdiacally at the same place f 

Answer. TTh^ Utitnde of. Alexandria Is 3t d^. 13 min; north ; the 

gaadrant ynXi intersect the 12th of Leo^ 13'deg. below the eastein 
orizon, answering to the 4th of August;* and the 2d of Qemini, 12 
deg. below the western horizon, answering to the 23d of May* 



"WW-«"^lft»*'"'"^"*"^i»» 



* The aneients reckoned the beginninfi^ of the Aog days from the 
lieltacal ri9iag of Sirias, sad their eoiltiaiMiaoo t» be shoot 4a days 



". 3. At%iuit time of tte year does Arctmw rbd be-* 
Hacally at Jeniwdeiik, and atwhat time does it set Im* 
Macaily? 

' 4. At what time of the year does Cor jHydrs rise and 
set heKacaliy at Ltondoo t 

- 5. At what time ot' the year does Procyon rise and 
set hdiacally at London ? 

w 6. If the precession of die ^qqinoxus be 50^ seconda 
in a year, how many years wilLelaMe^irom 1808,hefore 
Sirina, the Dog Star, wtE rise heliacally at Qffisnnas^ 
at Cipto in Egyptf - When tliis period happras, Sirios 
wittpetltapa no longer be accused^ bmi | |ing sttltty* 
^rtathflTt 



I . • 

■*■ ■ « I" >l I ^1 *pl*» 



Ileslqd infbnns jOfl, thst Uie IwitWst m^mob o^ ^.ys»r^dog4i^} 
endedLai^Q«t SQ 4ays after the ^nmwtt solstice We bave deter- 
nitied in the note of Example 1, Prob. LZXTfl. (though perha|>s 
aot iNbiy aecttfaitely); tltot the irimer tdbtioe, i^tfte dine of Hesfod^ 
irati the dth deg^Qf Aqu^nMs ; c<mfleqimi%, theioaiaier.folfldee 
uma id the ^\h degree of Leo : no w» it «BnBI«s from diq fboye, tb^ 
Sirius rises heliacally at Alexandria when the sun is in the 12di de- 
gree t^ Leo i'and, as ft degree nearly angers to a di.% iSinxat rose 
SeliMsllsit, ittllwtuaeoCHesi0d,sb«itfii«rair|«.aferthe auaaacr 
solstice I «n4t '^^^ dae days fonitnued forty ^|^ Ahcy ended sboptft 
forty-four days aifler the summer solstice. The dog ^#y*i >n oi? 
almanacs, bej^hi on the t^ird of July, which is twelve (Jays af^er the 
summer -solitice, and end on the eleventh of August, which is fiAy* 
one days after the summer solstice ; and their oonthnnncff lit}tiny<» 
pine days. Hence it is pkin» that the dog days of the modems have 
so reference whatever to the rising of Sirias, for this star rises^e- 
Kwally at' Londofi on th^ 3Sth of August, and,* as well as the 
rest of the stars, varies in its tishig and setting' aocoriing to the va* 
riati^ «f the latfCude» of pliiees, and therc^re it could have no in- 
lltienpa whatever on the ten^penture of the atmosphere » yet, as the 
dog staf rose heliacally at the commeneeaiefit of the hottest season 
in £gypt, Greece, See. in the earlier ages of the woHd, it was very 
natum i^r U^ ancients^ ima^ne thii the heat; S«c. was the efieet 
of this star. A few y«ars ago^ the dog day a in our almanacs hegm, 
at* the cbsmical rising of Procyon, riz. mi the 30th of July, and cots 
timied to the 7th of Sepfeerndxr ; hot they are now, fery pW)pc^rly, 
altered, and^made not to depend on the TSrisl^e rising of any parti^u^ 
{aritsryhntonthesttttnii^rsoAstioe. ' * > * - 






f f atY«i«l«iWr&s ' oisitst^ '' tft 






?ROBL£M LXXVI. 



> 



The latitude 6/ a place and day of the month heinggiven^ 
tojind all those stars th2U rise and set achronicaVyy 
. cosmicalhfj and heliacally.^ 

Rule. Elevate the pole so wmcf ^^fte% jdtorrc the 
honMm-sof are equal lo therlatitiide of thai gnrea place. 

rrtt 

,r !• For* the acht^nktd rising and settings faaiA' die 
aim's pkue in the ed^pAc, and bring it to di<^ western 
fdge of )h^ lioriBBo%andviiU the staz&akmg theaastem 
edge of the horizon will ^9® achronically, whie thoM 
along the western edge will fct achronicaUy. 
.3. For the,cosmical rising aod^etting^hni^fi^S^ 
|iace to die eastern edge^^ tke>h6m<jli7iBild all tho 
stars along that edge of the horizonViU rise cosmtcaltyi^ 
"arhile diQM trito^ the western 'edge tHU s^ cobmically. 
3« For the heliacal rising and settings screw the 
quadrant of. al4^^ ^^^^ ^<^ latitude, turn the^obe 
eastward on its ajcis till the sun's place cuts the quadv 
rant twelve degrees below the horizon ; then all stars' 
of the first .ipagnitude, along the eastern edge <of the 
koriaon^ will rise faeliacally ; and bjr (cmita&u|sig tiie 
motion of Ae globe eastward till the sun's place inter- 
secjB the quadrant in 13, 14^ 15, ^. d^grc^^iefew the 



■«*■ 



* This problem Is the reverse of the three prrecediog problems. 
Their ptiatml «•• i^ to iMustrate flei^efal^Ma{fee«in the ancieat 
wnte<«» niches Heaiod, Vii^ C<^aidUe» Ovid, Phaf* &e. See De- 
^Mdoa 64. pivge 15, Thehiioidcidig^iiC IfaaaepacSmL naiogs wd 
settinas of ths stsra was held in pcfst esteem mmong the.juicient«^^ 
snd was very uaefbl to thenqi ia adjuatiiig the tinea aet apart for 
their re&i^oiisaiidl dvit-dmiea, and for marking the aeaaons proper 
finr the-.ae^Ba«sl.|MMrts of htudbaadiy ; int^ the lKnovle4|(e which the 
sncieota had of the motions <af Oe heairenljF bodies was not aui&« 
cient to adjust the true length of the year; and« as^the returns of die 
•esaons. depend- upon the approsch of Uie sun to the tropical and 
equinoctial points, so tliey aaade vae of these risings and aettbigs to 
determine me eomsMncement of the dtficreat sessons, the time ef 
the overflowing of the Nile, 8cc. The knowledge which the modeniy 
have aocjuired of the motions of the heavenly Dodies^ renders such 
observations as the ancients attended to in a ^at measure useless* 
and, instead of watching the rising and settin^r of particulsr atars 
for any remaikahle season, they Qsn stt by the fire^meand caaaidt 
snalmsime* 



Wrm TwHrKVEMw VBvFOnf e9 Ww 

Iiori2oii, you will find atltlie stars of the sccond^'fliii^ 
fourth, &c. magtiitudesy which' rise heliacally on th''^ 
ijky. By turning the g^pbe Wstwar^ oil it$ axisip i% % 
iittiilar manner, aiod bringing the q^iadrant ta ihd .w^sier% 
Mge of the horizon, you will find aHlht s«ift Aal iet 
keliacally* 

^*^ E:mmpki. t. What stiM rke mtf ttd( cdsmitdSir at 
B«iAttrgh, <»iih^MftdfJuire? ' " ^ -* ;! 

Ammr. Tlw ^rigltt <t»r In C«tt«r, AMdMdwi in Ttwffil, f^ 
wfikmi in tte taatto«i Fish,; las. rtg».ai«rttB>liyt Hitft^ star4 M 
^ bodjr of Leo Miinr«. tbe^rm of Viw^,% |Kii|l%|b#i^.BQil»«« 



fart oftfie CenUur,&c. setconnicafly. v j^* -j 

^ S. Whatitats ri^e smdf^ef archrcnicauy at Drdn- 
Aeim In Norway, btitiick 6^ 26^ N*. qn i^e idth o^ 

Mav? * .., . . w. . . ' - 

' Aasweh Alfidrdr fAe'Tktfte, the B«ij bf !fle''tfoIpiiii,'tbe. 

, 3. What |«^lK>f thf first ni^sniliide^almUiftaMl^ 
^ LQn<k»^ on the rth pf O^lpbcR ^K ..; ^^ & u> .% ^ 

^Anflwer, Arctat^inBoSteis. ; , j t: , . - ^ — •' 

' 4. What star of the first inagmtu(|ip jseU beltQcaSy^fij^ 
tondon, on tfee ^th of Wfay > , ,1; ; .1^ \^ ;^. V* . ^ V^ 
' Answer. SiHuk the Dbg Star. " j . * 

- 5. What stars frsi^ atifd^set titehr4tilessi% Sfrl!.c^do^ 

<mthe2*ftof SetrtefrAer? ' ' ' ; . 

* ^. What stare rike* akdd ^et cb^micafiy ijft Idhd^li', dff 
thc2Stfof»few^t^- - - ? 



PROBLEM LXXVXn 

TV ilbutrate the precesnon of the §fuimxti^ 

OieervathUBi 'AU the stars in the dcffei^enteoMiefv 

ktibns continually increase hi Idligiitijd^ ;. eonilequentiV^^' 
either the whole starry heavens baa a dow motion: ftpW 
ifose to ^aati^ or die.4qiyaoctlal p»nu kavetv slow tniH 
lion from east to west. In tfie' time of Biettm,'^ tf^ 
first atar in the constellation ArieS| now marked/?, pa^se^ 

■•:■■•; . *■ '■ 

* Metda wa^s 6intit>ujiiaaUiJeiiuitieiaa of • Aiheas,. who-iomriiedl 
aliout 430 Years before Christ In a book called Biaieadecafcridei^' 
or cyde of 19 je^rs^ he endfeaYoor^ to adjust the coorserof die mm 
and "of the moon ; and attefrnfited to shew that tfi^ adiar aai^hMW 
yetin oouldrtgqhirly begin fjiom the taaie pointin tfae h e iwe i ^p . 



V 



^nUL itffjfctjffllM.! W.1l>ti MB 



' Mi$tr&ii§n, ftimMe *e ttonk pok f(» 4tgr€«t 
9b<yr4 tkr KorifaMii^ tbeii^ wiiltiit' •^uiaoakd comcMil 
irith the horizoo ; brmg the pole oi the edipdc fm. 
that part of the brass meridiaa which is numbered from 
the north poie UfffVffk,^^.P9^^ «nd make • 
ikark upon the brass meridira above it » kt this mark 

III cms¥k«iKl mAfi jpokpi^ide woiM^ >i^ ibe ^tuinwo^ 

lial represent the echptk^, im) kt likt ecliptic be cbm^ 
skkred as the eifoinoctial ; then count M| degreesi 
Af«op|pkii»^:9^tillf ktiiunb? o|E i.Oi^Ql|, fnm Ak 
|Qk upwi^nky «^ i9W^ wb^r^r ^, jieclioiMng (»d% 
jvliifib; wUl \»^ Z^. 4^0'«em on the brsas n^ridiwt 
fionm the^ southami noint oCthalionzon l thk marJL wSJL 

Stand over the ktitude pfiiQiidm*. . 

J^Wj.$iim.^ #obe 8<99tly ooifs ws ftom esst ttt 
irest, and ^ ^ equinoctial points will ^oire the sam« 
way* while at the same time, the pok of the world ^ 
will deaa^ a ^inle vound tlie.pok «€ dioecli|itic$ of 
46^ 56' in di&metcr i this circk WiU be completed in a 
Flaoonic^ year, cqpnisttng of 2S,T9I years, as the rate 
o|.^i seconds in a year, iind the pole of the lunveas 
^rill vary iia si tuatiott a small matter eirery: year. What 
1^S99l y<Mm» being half the platonio yemt^ ttre com^ 
l^eted (which^may be known by turning the globe kalf 
round, or tiU the point Aries coincides with the east» 



* If the preeessioa of the equinotes be SW^ in a year, and if the 
sqi^MOtial eoAiire passed thnm^ ^Arietis, 430 years Mtoe Christ, 
the kmgttiide of this star ought now (IB^) to he 31"* !(/ 58'' s for. 
t yeas : 5ui'' : : 2234 yi^ars («b43P -f i804) : W W 5a''»aod this 
Icmgttude u'not fiurfroin the tnith, ' 

-^'t'The ^le oFthe eeUptieisUiat pm^ oil thegisbe where the 
ebeaitt Unesmeet. 

-i^ Let it be remembered that the pole of the ecliptic on- the globe 
here represents the pole of the world. 

f Take notice that the extremity of the globe's axis here repre- 
sentfthepoWl>nite^eeU|iUc. ' ^* • " 

f A Platonic year is a period of tiflie detenftinedby the reTolotion 
^the equiiioxes : tUs period being' onee completed^ the ancients 
were of opinion that the world was to begin anew, and the same 
series of things to retam orer>gsln. See the Mth Definition, 
page 14. 



which is now 6| degrees MiHA of the zei^hof iio^doA 
will bethe north pole, esfiiey be seen by refeiriiig 
die mark which weft made over T^degree^on th^ m 
diaa. 



^sAbibk ixievitU' 



/ * 



To find the dUtancis of the star9 from eoA other hi 

degrees, . 

Jiuk. Lay the quadrant of al^tude overai^ two^ 
atitte^ to that the diTiskm marked o may be on cme off 
the stars ; the degrees between them will shew their 
distance, or the ang^e whkli d^e smrs subtend^ «s 
seen bya spectator on the earth* 

Examples. U What is the distantte between Veg» 
in Lyra, and Altair in die Eagle i 

AnBVitr. 34 degrees. 

2» Required the distance betweenjS in Ae BnttV 
Hor% and y BeUatrix in Orion's dionlder i 

3. What is the disuoice between/9 in PoHtt, and €»• 
inProcvon? 

4. What is die difference between «, the brightest 
of the Pki^dfis, and ff in the Great Dog's Foot i 

5. What is the distance between i in Orions girdle, 
and^in.Cetns?. 

6. What is the distance between Arcturus in Bootes, 
and in the right shoulder of Serpentarius i 

PR09I.KM XXXXX. 

To find What Stars Re in brtttar the moor^s path^ or 
,v)hat stars the moon can eclipse^ or make i^ near ap» 

proQch tOm 

« • • . • 

Bfde. Find the moon's longitude and latitude, or 
her right ascension and declination, in an ephemcris, 
for several days, and mark the moon^s places on the 
globe (as directed in Problems LXWIand LXVIII ;) 
then by laying a thread or the quadrant of altitude, 



^£x09titf^^^ 1. What »liir8 were in, or neart the« 
mMii!* pa|li,.a9 th^ XQ^ lltb» latk^ md l6tk of D«^ . 
cember 1805 f 

10th, ('slongitu^ jt 20« 12^ latitude 3^ 34^ Si 

llth, i« ^'^^ • ' "^ 2^ S. 

a^ih, :£s. 1 3§ 5 15 Si 

J6U^., . 1^ 10 .11 4 36 S.\ 

Answer The stars will hk found to be Cor Leonis or Kegulus^ 
Spica Virginis» « in Libra, &c. See page 47* White's £phenieris« 
2. On the 16th, mh, 18th, and 19th of May 1^1 0, 
what statu will lie oeat the moon's w$iy f 
16th, c's right ascension^ 206^ 4/, dedifiUioti^'' 43^S; 
mh, ^ 220 43 13 14^34 

laib, * »i«35-22 16 9%y 

19th, .V2M Mr / 1^ 53 8* 

Glo^rM^ ip;«lt<d)r ^tf^fpku^ <md ^e day efihc ktohihi 
to Jind what fiimt* viiU. be ^bom^ the iormm d/lnf . 

^sunsetpme-^ ... < 

JRule. Elevate the pole so many degreed ai>ove the 
horizon a^ are equ^ to the latitude of the place i find-, 
the sun^s place in the ecliptip^ and bring it to tht west* 
em part of the horizon, or to ten or twelve degrees be* 
low ; then look in the £phemeris for that day and months 
tod you will find what planets are above Uie koris&on ; 
such planets will be fit loir observation on that night. 

Examples. !• Were any of the planets visible aftei^ 
the sun had descended ten degree* f below the horison 

*'.Tlie sttuiti<»i of the moon^t orbit ibr any pardctilar day may ht 
found thus : And the place of the moon's ascenditt^c node^ in the 
Ephemeris. mark that place and it& antipodes (being the descending 
node) xm toe -globe ; half the way^ between these points make 
marks 5^ 2(^ ooutjt&e north and south side of the ecliptic, vis. let the . 
northern mark between the ascending and descending node, and 
the southern between the descending aAd ascending node ; a thread 
ti^d ipund these fotir pMiits will shew the positkm of the modn'tf 
orbit. 

f The planets are not visible till the sun is a certain number of 
degrees below the horizon, and thc^e depees axe variable secord-* 

do 



of Ldttdoik, M the Iftt of December 180$ f ik^ tbi^* 
ttt^es being 88 fdUow : • 

J \a*3^3(y 11 8*l4*^2f f[ 's Irttgimdc at 

rt ^23 4b Ij 6 24 5(> ttiidni^ O* 9^ 

I 8 ^5 21 f[ 6 24 5 

2. Whut planets w«re above the horizon of iiOli- 
don when the sun had descended ten degrees belour^ en 
the i5th ^ January ISIO^ their kmgitodes bemg ^ 

fblh:>wf 

2 10« 20^20' % (yi8°24' Cslim^tddelA 

I d 23 ij 8 1. 35 tnidnight 6' S<^ 46' 

4 11 10 43 ]|^ ir 14 

PROBLEM LXXXX. 

dom Me latitude cf1ltl» pktt»f dmf of the months Mtf 
hour of the night or morning', to find what pianets 
will be visible at that hour* 

Ruk; Elevate the pbYt (k> many degi^et^ dbdve the 
herixoii as are equal to the ll^tude of the place ^ hnd 
the sun's place in the ecliptic, bring it to the brass tne- 
ridian, and set the index of th^ hour circle to 12 ; then, 
if the giveh time be before noon, t\im the globe east- 
trard till the Intl^t has passed over as mk&y hours as 
the time wants oFhoon ; but; if the giveil time be past 
fiooii, tuHi the globe westward on its axis till the index 
has pas^ed'oVer as fnany hours as the time is past noon ; 
let the globe rest in this position, and look in the 
Ephemens fot the longitudes of the planets, and, if 
any of theni be in the figns Which are above the horizooY 
Mch pl^mets Wll be visible. 

Examples. 1 . On the first of December 1803 the 
longitudes ^ of the planets, by an ephemeris, were ^ 

t \ 

I 

iog to the brightness of the planets* Mercury betottles tisiljle <^tken 
the sun is about 10 degrees below the horison ^ Venus When the 
sun's depression is Sdegree^ ; Man 11* 3d' ( Jupiter 10* { Saturn 
ll<> ; and the Gcongian ir** SO' 

. * It is not necesaarjr to give the latitudeii of the planets in this 
problem ; for, if the signs and degrees of the ecliptic in which their 
longitudes aire situated be abote the Imriaoiiy the pISMHs wfll-like- 
wise be aboTc the honzon. 






'PK CSllKfiTUI. MOM.* fm 

fcttMP ; mn my of thf «« vyUe at London at iiv« 
0^clo€k in thp momng ? 

f 9 a^ 40 1^ ft 24 ^O midnight 0* ¥" IS*. 
% $ ^S n 9 « 24 ^ 

An9^er. S«t{Mni«n4 tb« Georgiiim ^idcn wev« yUlbl^, and h&^k. 
nearly in the same point oif the heavens^ near the e^^tem herl^pp s 
Satum was a little to the north of the Geom|in. 

2. On tii^ first of Oatobef 1 810, the longitudes cf the 
planets in the fourth {m^eefche Nautical Almanac were 
as follow t was any of diem be visible at London at 
ten o^aloek in the eveaing i 

^ r 1^86' 3^ il, 1^18' «'s longitude at 
t 7 dS 37 i2 a 10 a4 midnight ri7«> 5 1'. 
% $ S $$ 9 r 18 S9 



7Af htitudfi 9fth$ place mid day 9fth$ month g%%en^ %§ 
Jind how long Venus rises before the sun when she is 
a m^rmng star^ and how long she sets after the, sun 

. whet^ she is an etfenin^ star. 

Rule. Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place ; find 
die latitude and longitude of. yenus in an ^fphem^ris^ 
and mark her place on tHWIobe ; find the sun's place 
}n the ecliptic, bripg it. to tbe brass meridian, and set 
the index of the hour circle to twelve ; then, if thtf 
place of Venus he to the right hand of the m^eridiani 
sfaii is a»eyemag star ; if to the left hand, she i& a morn- 
ing star* 

When Venus is an eveningstar. Turn the globe west- 
ward tiU the s}iB comftsto the western edge of the 
horizon ; the hours passed over by the index will be 
the time from noon when the sun sets : continue the 
motion of the globe weatward till Venus comes to the 
western edge of the horizon, and the hours passed 
over by the index wiU be the lime from noon when 
Venus sets : die diiferenee between these tifn^s wili 
shew how long Venus sets after the sun* 

When Venus m a morning star. Turn the globe east* 
ward on its axis tiU the sun comes to the eastep^ edge 
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of the horiEOii ; the hours passed over by the index will 
be the time whiph the sun rises before noon : continue 
the motion of the globe eastward till Venus comes to the 
castetn edge of the horizon, and the hours passed over 
by.ihe mdex will be the time which ttie sun rises before 
noon : the difference between these times will she^r 
how long Venus rises before the sun. 

Note* The same rule wiU serve for Jupiper^ hf 
marking hi^ pla^ instead of that of Venus. 

Examples. U On the first of March 1805, the lon- 
gitude oif Venus was 10 signs 18 deg. 14 min., or 18 
deg. 14 mtn. ifi Aquarius, latitude deg. 52 min. 
aouth ; wa« sfa^ % vMnming or an evening star ? If a 
fnoniing ^tart how long did shp rise before the sun at 
London ; if an evening star, how long did she shiile^ 
aftertke Mil aet ? 

Aacw«r« Veaas was a monmf^ star ; tii« 'sun rose Si hours be- 
fore iioop, 9r St hslf pMt6 i snd Venai rose akoat fii Ihnuv btkO^ 
noon, or at three <ntarters past five ; coaabqge|it^» Veaas role 
Ctoet oua^rs Off an bour before the sun. 

2« On the 25tb qf October 48Q5, the longitude of 
Jupiter was S signs 9^sdeg. 26 min., or 7 deg. 26 min. 
m Sagittarius, latitudeO^eg. 29 min. north ; whether 
vas he a nioming or an evening star i If a ipoming 
star, how long did he rise before the sun at London : 
if an evenipg star, how long did he shine afy^r the sun 
?et? 

Answer, Jupiter was on evening stsf ; the $un set at 5 o'clock, 
and Jiipite^ tHit shout 20 mina-es alter six; conseqiiently, he set^l 
iioiir and 30 miniite'^ after the s^n. 

ip Onfhe first of November 1810, the longitude of 
Venus was 8^gns24deg. 30 min., latitude 4 deg. 4^ 
mitt. sQuth^ was she a morning or an evening star 2 
If she was a morning star, how ioiig (tid she rise before 
the sun at Londqn ; if an evening star, how long did 
she shine after the sun set ? 

4. On the seventh of January 1810, the longitude of 
Jupiter was signs 15 deg. 48 mtn*, latitude 1 deg. 
15 min* south, was he a morning or an evening star? 
If he wa^ a morning star, how long did he rise before 
the sun ; if an evening star, how long did he shine 
after the stm set ? 
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-J- • ' 

PROBLEM LXXXIIU 

The huifyule of the place and day of the month * being' 
givenj to jtnd the meridian idtitude of any star or 
plmet. 

Rule* Elevate the pole so many degrees above the 
horizon as are equal to the latitude of &e giv^n place ; . 
then. 

For a star. Bring the given star to that part of the 
brass meridian which is numbered f rpm the e<|^tov tJ6« 
•wards the poles ; the degrees <» the meridian con* 
tained between the star and the horizoiiwiU be' the 
altitude required. . << > 

For the moon or a planet. Look in an^epbemms for 
the planets's latitude and liM^fkiid% or for its T%ht 
ascension and declination, for the' given month and' 
day, and mark its place on the globe fas. in Problem 
LXVIII or LXVII ;) bring the planers plac« to the^ 
brass meridian ; and the number of degrees between 
that place and the horizon will be the altitude. 

Examplea^ 1. What is the meridian, altitude, of 
Aldebaran in Taurus, at London ? 

Answer. 54" 36^. 

2. What is the meridian altitude of Arctunis in 
Bootes, at London ? 

3. ONa the first of September 1810, die longitude of 
Mars was^ 4 signs 14 deg. 41 min«, and latitude -1 
deg; 9> imin. north ; what was his meridian altitude 
at London^ *^ . 

4. On the first of April 1810, the lotigitude of Sat^ 
urn was 8 sign« 15 deg. 17tnin», and latitude 1 deg, 
45 min. nor^, what was his meridian altitude at 
London? 

5. On the eleventh of April 1 805, at the time of the 
moon's passage over the meridian of Greenwich, her 
right ascension was 208 deg. 7 min.,t and declinadoti^ 

__ , * 

' ' ' ^ ■ ' '- 

* The meri^an altitudes of the fttars on the globe» in the same 
latitude, are invariable ; therefore, when the meridian altitude of 
a star is soufT^t the day of the month need not be attended to. 

t By the Nautical Almanac, the moon passed over the meridian 



16 deg. 48 min soiifli ; requiiedher mariduDi.altte»le' 
at Greenwich?* 
AMwer. 21^4^. 

PKOtaBV LSUIXfV. 

To find all those places on the earth to which the mo^n 
wiUbe nearly vertical on any given day. 

t 

Rule* Look in an ephemeris for the moon's latitudb 
tnd loogptade for the given 4ey, aiKl mark her pbee oa 
the glob0 (ae in Prob. LXVIII ;) bring this jriaee !• 
that part of the brass meridian whieh is nuinbcredfraaa 
tfie equator towards the pedes, and observe the degree 
above it ; for all places on the earth having that lati* 
tode will have the laooo vertiesJ (or near^ so) when 
she comes to their respective meridians. 

Or, fake the moon's declination from page VI. of 
the Nautical Almanac, and maik whether it be notth 
or sonth ; dien, by ^e terrestrial globe, or bjr a mapy 
find all places having the same nim^r of degrees 
of latitude as are contained in the moon^s declination, 
and those will be the places to which the moon will be 
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St 40 lainates past ten o'clook in the evenaif^ pp tbf Uth of Api9 
}805. 

308^ 48' C 's right ascension at midnight— DecHnstieo 17^ S' S. 

209 47 do. at noon. dlMS M M- S. 



6 1 increase in 12 hours from noon. % 7 



12h. :6°1':: 10 h 40' : 5^ 2' ; 
hence, 2a2»4r' + 5* 2(y«=96«^ 
f the moon's rii^t a«een«aa at 
40 DfiimiUs past 10. 



I2h: :5?*»r: : X0b40':i*52'5 
hence, 14^ 56^ + !• ST^ie* 
4^ tfie mooaHi deeHnetm •^m 
ininote9 past 10. 



The places of the planets may be taken out of the Ephemexis fo^r 
noon without sensible error^ because their declinations varjr lesa 
Ihan that of tfi^ mosn. 

* The aiooa wtU have the gre«tcst.fa4 Wast mitndisil ^ItilMe to 
all the inhabitants north oi the equator, when her ascending node 
is in Aries ; for he^rbit making an angle of five and a third degrees 
with the ecliptic, her greatest altitude will be five and a third de- 
grees more tiian the greatest meridional idtitade of the sun, and her 
least meridional altitude five and a third degrees less than that of 
the sun. The greatest altitude of the sun at London is 63° ; the 
moon's greatost altitude is therefore 87^ 20^. The least meridional 
altitude of the sun at London is 15^ ; the lesat meridioasl altitudis 
of the poon is therefore 9^ ¥/. 
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stMtfwwtAiai oa die gif«a 4aqr^ If Ae udoft'a 

dfeCUMtion bt oorthf the pkcts will ba in iwnh lAdk 
tadei tf die inom'i dedituuion be souih, tlit3r wiU M 
ki ioaih tattMie. 

f ;mi«^*t. 1% Oa thv ifdi of October 18(15, the 
mean's lotigituda Jtt midnight was 3 rtgas S9 deg. 14 
ttiik, Md ker latitude l deg* da feAln. ftoucK i aver what 
^tacee did ehe pate nearly vertical i 

AiMwer. Ftom Ihe mooftS UtitiidB iad loegUmb btittf Kiten» 



Iftr d«elination nay b« fotuid by the globt to be about ISF^ iMttb* 
Tbe moon wiw veracal at Porto kico» St. JJomiogx^ tbe nortk of 
Jamaica, O'why'hee, &c. 

IS. Oh the 20Cil of December 1810, the moon*6 lon- 
jntude ^t midnight was 6 signs SO deg», and her 
latitude 1 deg» B min« north i over what placet on the 
kBStth did she pass nearly verUcsd f 

3. What is the greatest north dedkation which thd 
tooon can possibly nave^ and to what places will she be 
{hen vertical f 

4. What IS the greatest south declination which the 
moon can jiossibiy have, and to what places will she be 
then vertteal i 



PROBLEM LXXXV. 

Ghen thelnHtude of a place j the itay of the months And the 
tdtitude ofn Haty to find the hour of the night j and the 
starlit azimuth. 

Jtaie. Elevate the pole eo many degree^ above tfie 
hariaaa aa are equal to the latitude of the place, and 
eerew the ipiadra«t of aitkude upon the brass meridian 
over that latitude ; find the sun's place in the etliptie, 
bring it to the brass m^eridian, and set the indejt of the 
hour circle to 12 $ bring the lower end of the quadrant 
of altitude to that side of the meridiM* on which 



* It is necessary to know on which iide of the meridian the star 
is at the time of oDservation, because it will have the same altitude 
on both sides of it. Any star may be taken at pleasure* but it is best 
to take one not too near tlve meridian, because for some time before 
the star comes to to the meridian, and after it has passed it, the alti- 
tude varies very little. 
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^ Star was situated when observed ; timi die fjMut 
westward till the centre of the star cuu the given aiti*- 
tilde on the. quadrant ; count the hours which the mdex 
has passed over, and they will show the time Irom noon 
when the star has the given altitude : the quadrant wiU 
intersect the horizon in the required azimuth. . ^ 

Examples^ U At London, on the 2&th ot Ueeembeiv 
the star Deneb in the Lion's tail, marked $^ was ob« 
served to be 40 deg. above the horizon, and east ot the 
meridian, what hour was it, and what was the star's 

azimuth f 

Answer. By bnoffing tbe suii*s place to the meridian; and turning 
Itlie giobe weatwara on ita axis fifl the star cuts 40 d«|^.of the qoad* 
rant, east of tbe meridian, the index will have pasaed over 14 mmi 
oonsequently, the star haa 40 deg. of altitude east of the mmdiw, 14 
lioura irom noon or at two o'clock in the raormog. Its azimuth wiQ 
be 63i^ deg. from the' south towards the east. 

%• At London, on the 28th of December, the star /S^ 
in the Lion's tail was observed to be westward of the 
meridian, and to luive 40 deg» of altitude ; what-hour 
was it, and what was the stars azimuth^ 

Answer. By taming the globe westward on ita axiatill the star 
cuts 40 deg. of the quadrant^ west of the meridiso^ the kidez will 
have passed over 30 hours ; consequently, tbe star haa 40 deg. of 
sltiuiae weat of the meridian, SO hours m>m noon; or eight o'clock 
in the nwrning. Iti axiiiuth will be 62^ deg. from tbe aouth to- 
wards the west ^ . 

3. At London, on the 1st of September, the a^tiide 
of Benetnach in Ursa Major, marked *», was observed 
to be 36 deg. above the horizon, and weat of tl^ me- 
ridian; what hour was it, and what was the star's 
azimuth ? 

4. On the 2i8t of December the altitude of Siriu«» 
when west of the meridian at London, was observed to 
be 8 deg* above the horizon ; what hour was it, and 
what was the star's azimuth? 

5. On the 12th of August, Menkar in the Whale's 
jaw, marked a, was observed to be Z7 deg* aliove the 
horizon of London, and eastward of the meridian; 
what hour was it, and what was the star's azimuth I 
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FBOSLEM LXXXVI. 



Given the latitude of a place y day of the months arid hour 

of the daijy tojind the altitude of any star^ and^ its 

azimuth. 

Rule* Elevate the pole so many degrees abbve the 
norizon as are equal to the latitude oi the place, and. 
screw the quadrant of altitude upon th^ brass meridian 
over that latitude; find the sun^s place in the ecliptic^, 
bring it to the brass meridian, and set the index of the 
hour circle to 12; then^ if the given time be before 
noon, turn the globe eastward on its axis till the indej^^ 
has passed over as many hotfrs as the time wants of 
lioon ; if the time be past noon, turn the globe westward 
till the index has passed over as many hours as the time 
^ past noon : let the globe rest in this position, and 
tbovc the quadrant of altitude till its graduated edge 
coincides-. with the centre of the given star ; the degrees 
on the quadrant, from .the horizon to the star, wiii be 
the al^tude ; and the distance irom the north or south 
j)art of the brass meridian to the quadrant, counted oh 
the horizon, will be tfai azimuth from the north br 
aoutlu 

Examples. 1. What are the altitude and azimuth of 
Capella, at Home) when it is five o'clock in thd morning 
On the second of December? 

Answer. The altitude is 4t deg 58 miit. and the azimuth 60 deg* 
50 min. Irom the nocth towards t^e wests 

2. Required the altitude and aaimuth of Altair in 
Aquila, iOn tho 6th of October, at 9 o'clock in the even-^ 
ingf at London f 

3. On jWhat point of .the compass does the star Alde- 
baran bear at the Cape of Gotpd iiope^ on the fitth of 
March, at, a quarter past eight o'clock in the evening; 
and w4iat is its altitude I . ■ 

Answer. The azimuth is 49 deg. 52 min. from the north, and its 
altituile is 22 deg 30 min. 

4. Kequired the altitude and azimuth of Acyone in 
the Pleiades, marked*), on the 2tst of December, at 
four o^dock in the morning at London ? 
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ijdven the latitude of a placcy day t^thr months wtd azi^ 

muth qf a star, tofnd the haur of the night and the 

starts altitude. 

Rule. £levate the pole so many degrees above the 
tiorizon as are equal to the latitude of die place, an4 
screw the quadraat of altitude upon the brass meridiaii 
over that latitude ; find the sun's place in the ecliptiC| 
bring it to the brass meridian, and set the index ot the 
hour circle to 12 ; bring the lower end of the quadrant 
pf altitude to coincide with the given azimuth on th^ 
horizon, «nd hold it in that position ; turn the glob^ 
westward till the given star comes to the |;raduate4 
edge of the quadrant, and (he hours passed over by tbf 
index will be the time from nqon ; the degrees on thf 
quadrant, reckoning from the horizon to toe star, wijjl 
be the altitude* 

Examples, 1. At London, on the 38tb «f Decembef^ 
the azimuth of Deneb in the Lion's tail, msirke(|^, wa^ 
62^ deg. from the south towards the west ; wb^t hour 
was it, and what was the ata% altitude I 

Answer. Bytumingj^ globe westward on its axis the index will 
pass over 20 hours betm the star intersects the quadrant ; ^ere- 
fore the time will be 20 hours from nooD» or eignt o^olock in the 
morning ; and the 8t«iir*8 altitude will be 40 d^. 

2* At London, on the 5th of May, the azimuth oC 

Cor Leooia, or Regulus, marked a^ was 74 deg^ from 

the south towards the west $ required the starts altitude, 

and the hour of the night I « ' 

3. On the 8th of October, the azimudi <tf the star 
marked ^3, in the shoulder of Auriga, was 50 deg. from 
the north towards the east; required its altitude at 
London, and the hour of the night } 

4. On the 10th erf* September, the asimudi of the star 
marked « in the Dolphin, was 20 deg. from the south 
towards the east ; reqtured its dtitude at London, and 
the hour of the night. 



TWtf ftars ieifig j^fvmi the one on the mendiatiy and the 

other on the east or weet part q^' the horizon^ tojind 

the latitude of the place. 

Rule. Qring the star which was observed to be ou 
the mericUaDt to the brass meridian ; keep the globe 
£rom turning on its axis, and elevate or depress the 
pole till the other star comes to the eastern or western 
part of the horizon \ then the degrees from the elevated 
pole to the horizon will be the latitude* 

Exampl^o^ U When the two pointers of the Great 
Bear, marked » and fiy or Dubhe and ^, were on the 
meridian, I observed Vega in Lyra to be ri^ng ; re« 
ijjuired the latitude i 

Answer itt At^. hatf^L 

2. When Arcturus in Bootes was on the ineridian, 
Altair in the Eagle was rising; required the latitude? 

3* When the star maJrked fi in Gemini was in the 
meridian, • in the shoij^der of Andromeda was settings 
irequsred the latitude ? 

4» In what latitude are ^ and ^^ or Sinus and ^ in 
Canis Major rising, whA Aigenib, or «, in Perseus, is 
on the meridian i 

PROBLEM LXXXtX. 

The bxtttude oftheplaoe^ the day of the months andtwjo 
stars that have the same azimuth^^ being given^ to 
Jind the hour of the night. 

Rule* Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, and 
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* To find what starts have tbc same azimuth.— Let a smooth 
board of alx>ut a foot in breadth, and three feel high (or of any height 
vou please), be filed perpendieularly upon a stand, draw a straight 
Une through the middle of the board, pandUlto the sides i fix a pin 
in the upper part of tbis Une. and make a hole in the board at the 
lower part or the line ; hang a thread with a plummet fixed to it, 
upon the pin, and let tiie ball of the plummet nove freely in the 
hole made in the lower part of the bosird : set this board upon a ta« 
ble in a window, or in the open air, and wait till the plummet ceases 
to vibrate ; then look along the face of the board, and those stars 
which are partly hid from your view by the thread will have the 
Mme asimuUi. 
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screw the quadl-aiit of altitude upbn the brass meridias 
over that latitude ; find the sun's place in the eciiptiC| 
bring it to the brass meridian, and set the index oi the 
hour circle to t . ; turn the globe on its axis from east to 
west till the two given stars coincide with the gradua- 
ted edge of the quadrant of altitude ; the hours passed 
over by the index will show the time from noon ; and 
the common azimuth of the two stars will be found on 
the horizon. 

Examples, 1. At what hour, at London, on the first 
of May, will Altair in the Eagle, and Vega in the 
Harp, have the same azimuth, and what will that azi- 
muth be? 

Answer. By brining the sun's place to the meridian, &c. and 
turning the globe westward, the index will pass over 15 hours be* 
Ibre the stars coincide with the quadrant ; hence they wiU have the 
same azimuth at 15 hours from noon^ or at three o'clock in the 
morning ; and the azimuth will be 42j deg. from the south towards 
the east. 

2. On the 10th of September^ what is the hour at 
London when Deneb in Cygnus, and Markab in Pega- 
sus, have the same azimuth^ and what is the azimuth? 

5. At what hour on the 15th of April will Arcturus 
and Spica Vii ginis have the Ame azimuth at London, 
and what will that azimuth be ? 

4. On the 20th of February, what is the hour at 
Edinburgh when Capella and the Pleiades have the 
same azimuth, and what is the azimuth? 

5. On the 21st of December, what is the hour at 
Dublin when «, or Algenib in Perseus, and fi in the 
Biill's Horn, have the same azimuth, and what is the 
azimuth? 

PROBLEM XC. 

The latitude ofth^plaQe^ the day of the months and two 
stars that have the same altitude^ being' given^ to Jind 
the hour of the night. 

Rule* Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place, and 
screw the quadrant of altitude upon the brass meridian 
over that latitude ; find the sun's place in the ecliptic, 
bring it to the brass meridian, and set the index of the 
hour circle to 12 j turn the globe on its axis from east 
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to wesit till the two given stars coincide widi the given 

altitude on the graduated edge of the quadrant; At 

hours passed over by the index will be the time from 

noon when the two stars h&ve that altitude. 

Examples. U At what hour at London, on the second 

of September, will IMtorkab in Pegasus, and » in the 

head of Andromeda, have each 30 deg. of altitude ? '^ 
Answer. At a qoavter past eii^ht in the evening. 

2. At whatnour at London, on the fifth of Janua- 
ry, will »^ Menkar in the Whale's jaw, and •, Aldeba- 
ran in Taurus, have each 3S deg. of altitude i 

3. At what hour at Edinburgh, on the tenth of No- 
vember, will «, Altair in the body of the Eagle, and 

in the tail of the Eagle, have each 35 deg. of alti- 
tude? 

4* At what hour at Dublin, on the .15th of May, will 
, Benetnach in the Great Bear's tail, and y in the 
shoulder of Bootes, have each 56 deg. of altitude ? 



PROBLEM XCI* 

The altitudes of two stars having the same azimuth^ and 
that azimuth being given^ to find the latitude of the 
place* 

Rule* Place the graduated edge of the quadrant of 
altitude over the two stars, so that each star may be 
exactly under its given altitude on the quadrant ; hold 
the quadrant in this position, and elevate or depress the 
pole till the division marked O, on the lower end of the 
quadrant, coincides with the given azimuth on the ho- 
rizon ; when this is effected, the elevation of the pole 
will be the latitude. 

Examples. 1^ The altitude of Arcturus was observed 
to be 40 deg., and that of Cor CaroH 68 deg. ; their 
common azimuth at the same time was 71 deg. from 
the south towards the east ; required the latitude ? 

Answer. 51^ de^. north. 

2. The altitude of f in Castor was observed to be 30 
deg., and that oi P in Procyon 20 deg.; their common 
azimuth at the same time was 73^ deg. from the south 
towards the east ; required the latitude ? 



3. Hie feItitttd«of«t Dubhcy was oiiscfved !• be 40 
4tg., and that of r in the back of the Great Bear 29| 
degrees ( their comm<m azimuth at the same ume was 
30 decrees from the north ^Mmords the eiat i required 
Ihe latitude? 

4. The altitude of Vej^a, or «», in Lyra was obaerv* 
ed tQ be TOdeg.^ and that c^* in the head of Hertulei 
39| deg. ; their coasmon aximuth at the same time 
was tiOdeg. frois the sotith towards the west ; requked 
ibe teiitude ? 

The day of the month being given^ and the hour whem 
any known star rieee or eets, to find the latitude ^ 
thtpUme. 

Rule. Find the sun's place in the ecliptic, t>ring it 
to the brass meridian, and set the index of the hour 
eircle to 12 f then, if the given time be before no<^ 
turn the globe eastward till the index has passed over 
as many hours as the time wiaits of noon ^ but, if the 
given time be past noon, turn the globe westward till 
die index has passed over as many hours as the time is 
past noon ; elevate or depress the pole till the centre 
of the given star coincides with the horizon ; then the 
elevation of the pole will shew the latitude ? 

Examples^ !• In what latitude does ^ MiracK, in 
Bootes rise at half past twelve o'clock at night, oti the 
tenth of December i 

2* In what latitude does Ccnr Leonts, or Reguhis, 
rise at ten o'clock at night, on tiie twenty^-fe^t erf Janu* 
ary ? 

3. In what latitude does /9, Rigel in Orion, set at 
four o'clock in the morning, tm die twenty^first uf De« 
cember? 

4. In what latitude does P^ Canricomus, set at ele« 
yen o'clock at night on the tenth ot October ? 
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FROBI.B1I XCJXI. 

Tofin4 on what day of the year any given star passes 
the meridian at any given hour. 

Jiulc. Briog; the given sur t9 the bnm meridiBii, 
and set the index to 12 i then, if the given time be be- 
fore noon,* turn the globe westward till the index has 
fMie4 ov4^r B^ msmy howi as the time wants of noon ; 
W% if the givea time he past noon, turn the globe 
ffiistward till the index has passed 9y»x ss many houra 
in the time is past noon ; <^aerve that degree of the 
ftUptie which is intersected by the graduated edge ol 

die brass meridian, and the d^ <4 the nApBth ans\ver- 
ing thereto* on i^e hori^^n* wiU be the day required. 
^ownph^^ 1 . On what ^ of tha nionth does Pro« 
cyon come to the meridian o| I^ondon at three oVlock 
ia the morning ? 

Anawap. Here tkc time ie nine hours before noon ; the fflobo 
noit therefore be turned nine houro towards the west, the pouit of 
the floliptic ioterseeted hy the hcsss oieridisn will thou he the 9th 
of / 9 answering nearly to the 6r«t of Deceiober, 

%m Qn what day of the month> and in what month, 
does m^ Alderamia» in Cepheus, come to the flaeridiaa 
of Edinburgh at ten o'clock at night? 

Answer. Here the time is ten hours after noon ; the iflehe must 
^lerefoe he turned ten hours towards the east* the point of the. 
ecliptic intersected by the brass meridian will then be the irth of 
Vjf^^ answering to the ninth of September. 

3« On what day of the month, and in what month, 
does /If Deneb in the Lions taiU come to the meridian 
of OubUn at nine o'clock at night I 

4. On what day of the month, and in what month, 
does Arcturus in Bootes come to the meridian of Lon- 
don at noon ? 

5* On what day of the month, and in what month, 
does I in the Great Bear come to the meridian of Lon- 
don at midnight ? 



* If the given star comes to the meridian at noon, the sun*s place 
will be found under the brass meridian, without turning the globe ; 
if the -given star comes to the meridian at midnight, the globe may 
be turned either eastward or westward till the index has passed 
over twelve hoars. 
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6. On what day of the month, and in what month, 
does Aldebaran come to the meridian of Phiiadelpaia 
at five o'clock in the morning at London I 

PR0Bi£M XCIV. 

The day of the month being' given^ to find at wheit hour 
any given star comes to the meridian.^ 

* Mule* Find the sun's place in the ecliptic, bring it 
to the brass meridian, and set the index of the hour 
circle to 12 ; turn the globe westward oi^ its axis tilt 
the given star comes to the brass meridian, and the- 
hours passed over by the index will be the time fronl 
noon when the star culminates. ^ 

t 

Examples. 1 . At whai hour does the Cor Leoiiis, 

or Kegulus come to the meridian of London on the 

twenty- third of September ? 

Answer. The index will pass over 21} hours ; hence, this staf 
.culminates or comes to the meridian 2 1|' hours after noon^orat 
three quarters past nine o'clock in the morning. ^ 

2. At what hour does Arctiirus come to die meri-^ 
dian of London on the ninth of February ? 

Answer. The index will pass over 16^ hours ; hence^ Arctm-us 
enlminates 16| hours after noon, or at half past fonr o'^ock in tb« 
morning \^^ 

• 3. Required the hours at which the foUqwing stars 
come to the meridian of London on the respective days 
annexed? 



JBellatrix, January 9th. 
Menkar, May 18th, . 
f Draco, Sept 22d. 
a Dubhe, Dec. 20th. 



A Mirach;^ October 5th. 

Aldebaran, February 12, 
ii Aries, Noveinoer 5th. 
$j Taurus, January 24.th ? 



, PROBIrEM xcv. i 

Given the azimuth ofn knvwn star^ the latitude^ and 
the hour J to find the star'* s altitude and the dny tffht 
month. 

Rule. Eleyatethe pole so many degrees above the 
horizon as are equal to the latitude of the given place, 



"^ This problem is comprehended in Problem LXX{. 



screw the qaadranf of Bkitude upon the brBfts meiidUa 
over that lautude, bring the division marked o on the 
lower end of the quadrant to the given azimuth on the 
horizon, turn the globe till the star coincides with the 
graduated, edge of the quadrant^ and set the index of the 
hour circle ^o 12 ; then, it the given time be before noon, 
turn the globe westward tili the index has passed over 
f» many Hours as the time wants of noon : if the giveu 
time be past noon, turn the globe eastward tiU the in- 
4ex has passed over as mai^) hours as the time is past 
Boon j observe that degree oi the ecliptic which is in^ 
tersectcd by the graduated edge of the brass meridian^ 
9nd the day of the month answering thereto, on the hori<> 
lion, will be the day required. 

Examples. X At Londbii, at ten o'clock at night^i 
iha azimuth of Spica Virginis was observed to be 40 
degrees, from tht: south towards the west ; required 
its altitude, and the day of the month f 

' Answer. The stains altitude is 20 degrees, and the day is the 
18th of June, the time being ten hours past noon, the globe miuit 
IfQ turned ten hours towards ihe east. 

2. At London, at four o'clock in the morning, the 
azimuth of ArCturus wa^ 70 degrees from the south 
lowai^s the west.) required it3 altitude, smd the day .of 
the month l 

Answer Here the time wants eight hoars of 90011, there fora 
ihe g^obe must be turned eight -hours wiM||ward ; the altitude of 
Ihe star wiH be found to be 40 degrees, and the day the 12th of 
ApriL 

3. At Edinburgh, at eleven o'clock at ni^t, the 
ftzimuth of »y Serpentarius, or Has Aihagus, was 60 
deg* from the south towards the east ; required its al* 
titude, and the day of the month ? 

4* At Dublin, at two o'clock in the morning, the 
azimuth of /S Pegasus, or Scheat, was 70 degrees from 
the north towards the east ; required its altitude, and 
the day of the month ? . 

PROBLEM XCVI« 

The altitude of two stars being given^ to find the lati* 

tiide of the place. 

Rule. Subtract each star's altitude from 90 degrees ; 
take successively the extent of the number oi degrees, 
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<^otittined in each of the remainders, from thfc eqaihd& 
liai «rith a pair oFcompslsses ; with the compasses thus 
Extended, place otre toot successiirefy in the centre d 
each stat^ and describe arches on the globe with a biacK 
lead pencil i these arches will cross each other in ifai 
zenith ; britfg the point of intersection to that part cpf 
the brass meridian which is nunibered from the equt» 
Hoctial towards the pates, and the degree above it wiS 
be the latitnde. 

Bxampks. f. Atsea, in north latitude, Iebimrye<l 
the altitude of Capella to be 30 deg., and that of Aldc^ 
Imran 35 deg* ; what latitude was I in f 
* Answer. With an extent ef 60 4egreet (3aft90»-^S^) tai»§ 
from the equinoctial and one fott of th« ompaasea in the centrt 
of Cap^&a, deacribe an arch towarda the north ; then with 55 deg. 
is^ 90^ ^»} taken in a aiiiiilar manner, and one foot of the coni* 
Mdaei in the centre of Aldebaran, deabribe anotder areh^ cfoasin^ 
jke fomner ; tbe {ivint of intersection brought to the bnisa meridian 
will Shew the latitude to be ^ deg. north. 

. 2 The altitude of Markao in Pegasus was 30 deg., 
and that of Aitiur in the £ag^e at the same uo&e, was M 
deg ; what was the latitude-, supposing it to be north 9 

•Answer. 29 degree* north. 

a« In north latitude the altitude of Aretutus vnA ob» 
ienred tobe M 4eg.^ and than 0ifi or Oieneb, in iM 
Lion's tsul, at the same time, was 7<) deg. ; wkat wall 
the latitude i - 

4. In north latitude, the altitude of Proqron was ob* 
served to be 50 deg., and that of Beteifuese in Orion^ 
m «he same time, was 58 deg. ; re^iredthe latltudit of 
tiie place of observatiwi i ' 

PROBLEM XCVll. 

Xhe meridian altitude of a iaown star being' j^ea at any 

piqcey to ^nd the latitude* 

Ride. Bring the given star to that part of the brass 
meridian which is numbered from the equinoctial to- 
wards the poles ; connt tht number of degrees in the 
given altitude, on the brass meridian, from the stat 
towards the south part of the horizon, and mark where 
the reckoning ends ; elevate or depress the pole till 
this m^k coittckles with the south point of thie horizon^ 



anA tlM dwatio9 of the taonh pole aAtpve iJb^Dpirdi poii$ 
f f the horizoo will sh^ew the latitude* 

Examffles, U In ¥^hat degree of porth Uititude || 
the meridian akitude of Aldebaran 52| deg. ? 

Answer 53 degrees 36 minutes north. 

2. In what degree of north latitude is the meridian 
fltitude of /9j one of the pointers in V rsa Major, 90 
degrees i 

3. In what degree of north latitude U y^ in the head 
of Draco, vertical when it culminates ? 

4. |n what degree (oi north l^utude is the meridian 
a}t|tude of f , Qr M irach in QoQtes, 6^ deg. f 

y*he kftikak $fa place ^ dm/ of the months cmdhow t^the 
Jay bmng given^ to find the nonagesimal degree ♦ tif 
the eclipticy its altitude and azimuth^ and the medium 

• ^^ • 

i Jluk. Elevate the north pole to die latitude of the 

civen plaee, and screw the quadrant of altitude upon 

ttic brass mericiUan over that latitude ; find the sun's 

|^9Ge in ibe eicliptic« bring it ta the braas meridian, aiul 

eet the index of die boor circle ^ 13 ; then if the givett 

time be before noon, turn the globe eastward till the 

index has passed over as many hours as the time want9 

of noon ; but, if the given time be past noon, turn the 

globe westward till die index has passed over as man]r 

hours as die time is past noon, and. fix the globe in diia 

position ; count 90 degrees upon the ecliptic from the 

horizon (either eastward or westward^) and mark 

where die reckoning ends, for that point of the ecliptic 

will be die nonagesimal degree, and the degree of the 

eclipdc cut by die brass meridian will be the mediunji 

* The nonftgcsimal deme of the e<$ptic is that point which i« 
the most elevated above we horizont and is mea<iured by the an^rle 
which the ecliptic makes with the horizon at anv elevation of the 
pole ; or, it is the distanee between the zenith of the place and the 
pole of the ectiptic. This angle is frequently used in the calculation 
of solar ecUptes. The medium cadi, or mid*heavfn, is that point 
bf the ecliptic which is upon the meridian. 
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C«U : faring the grtduated edge |yf the quadrant o( alti<^ 
tude to cuincide with the nonagesimal degree of the 
^li|>tic thus found, and the number of degrees on^^e 
quadranti counted from the horizon^ will bcf the Ulti- 
tude of the nonagesimal degree : life azimuth wiU be 
iieen on the horizon* 

Note. From the 21st of December to the 21st of 
June, the nonagesimal degree, of th<p ecliptic is east of 
the meridian; and, tromthe 21st of June to the21at 
of December, it is west of the meridian. 

Exampks* ^ 1. Onthe2l8t < >f June,,^fort)^fivem]|l- 
utes past three o'clock in the afternoon at London re- 
quired the point of the ecliptic which is the Bonagesimal 
degree, its altitude and azimutbi the longitude of the 
medium coetiy and its altitude, &c« , ... 

Answer. The non&gesimal deg. ee is 10 def^.in JLeo, its altitude 
iff 54 de|^-, aud its azimuth 22 deg. rom the south towards the west, 
or nearly S. S W. The mid-heaven, or point of the ecliptic under 
the hrass meridian, is 24 degrees in Leo^ and its altitu<lfe above the 
horison is 52 degrees. The degree of the equinoctial ^ut by the 
brass meridian, reckoning from the point Aries, is the right ascen- 
sion of the mid-heaven, which in this example is^l46 degrees. The 
rising point of the ecliptic will be ibimd to be lOdegrees-in Sc»rpio» 
and the setting point 10 degrees in Taunis. If th^ graduated e^^ee 
of the quadrant be brought to coincide with the sun's place, me 
sun's altitude will be found to t>e -39 degrees, and his azimuth TBJ 
Agrees from the south towards the west, or ncariy W; by S.- ■ -^ 

% % London on the 24th of April, at nine o'elock 
in the morning, required the point of the ecliptic which 
is the nonagesimal degree, its altitude and azimuth, t^e 
point of the ecliptic which is the mid -heaven, &c. &c. 

3. At Limerick, in 52 de^. 22 min. north latitude, 
on the 15th of October, at five o'clock in the afternoon, 
required the point of the ecliptic which is the nonages- 
imal degree, its altitude and azimuth, the point of the 
ecliptic which is the iiiid-^heaven, &c, &c ? 

4. At Dublin, in latitude 53 deg* 21 min. north, on 
the 15th of January, at two o'clock in the afternoon, 
required the longitude* altitude, and azimuth, of the 
nonagesimal deirree ; and the longitude and altitude of 
thf medium copii, &c. &c. 
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TV htitude ofaplace^ day of the months and the hour^ 
together wiik the altitude and azimuth of a star^ being 
greeny to find the etar. 

Rule* Elevate the pole so many degrees above the 
horizon as are equal to the latitude of the place and 
screw the quadrant of altitude on the brass meridtan 
over that latitude ; find the sun's place in the ecliptic, 
bring it to th<( brass meridian, and set the index oi the 
hour circle to 12 ; then, if the given time be before noon, 
turn the globe eastward till the index has passed over 
as many hours as die time wants of noon ; but, if the 
time be past noon, turn the globe westward till the in- 
dex has passed over as many hours' as the time is past 
noon : let the globe rest in this position, and bring the 
divisipn marked o on the quadrant ,to the given azi- 
muth on the horizon; then, immediately under the 
given altitude on the graduated edge of dte quadrant, 
you will find the star* 

Examplea^ 1. At London, on the 1st of December, 
at four o'clock in die morning, the altitude of a star 
was 50 deg.^ and its azimuth was 37 deg.» from the 

south towards the east ; required the name of the stat? 

Answer. Deneb) or A in the Lion's taiL 

%. The altitude of a star was 27 deg., its azimuth 76| 
deg* from the south towards the west, at eleven o'clock 
in the evi^ning at London, on the llth of May ; what 
star was it \ 

3. At London, on the 21st of December, at four 
o'clock in the morning, the altitude of a star was 8 d^g., 
and its azimuth 51 deg* from the south towards the 
west ; required the name of the star \ 

4* At London, on the 1st of September, at nine 
o'clock in the evenings the altitude of a star was 47 deg., 
, and its azimuth 73 deg. from the south towards ^ 
east; required the name of the star? " 



aw fWfhVis PEE? qMMEp.M 

T^find the time of tM mopn^* sauilungy cm comkuf U 
the meridian of any flace^ on anyffiven day cjfthe 

month* 

Jtuk, Elevate ihe pol« 90 mmy degre^9 tboYC^ the 
(lorizon as are equal to the latitude of the given place | 
find the mopn'a latitude; and longitude, or her right ast 
cension and declination, from an efhemeris, and marl^ 
her place on the globe ; bring the aun's place to th^ 
brass meridian, and set the index ef the hour circle ti^ 
^ ; turn the globe westward tiU the mooo'a place corner 
to the meridian and the hours passed oyer by the inde^ 
frill show the time from noon when the IWPP will t^ 
^pon the meridian. 

OA, WITHOirr TBE OLQBi(* 

Find the moon's age by the table, at page 944, wUeh 
multiply by 81,* and cut off two figures m>m the rigba 
hand of the product, the left hand figures will be th* 
hours ; the right hand figures must be mttlti|)|ied by €0^ 
lor minutes. ' 

\ 

OR, C0RRBCTL7, THUS: 

Take the difierence between the sun's and the moon'a 
light ascension in 34 hours ; then, asS^hoursdiininish* 
ed by this difference is to 24 hours, so is the moonV 
right ascension at noon, diminished by the sun\ to the 
time of the moon's transit. 

Examples. 1. At what hour, ion the Idth of March 
1805, did the moon pass over the fneridian of Grec»« 
wich? The moon's right ascension being 136deg. 48 
min*, and her declinattan 14 deg. 40 miiu nordu 
, Answer. By M< ^/«^.-^The inoon cods to Ui9 neriditt) fi| tl^Mf 
^parten past nine in ;U)e evening.f 



• For tbe synodic revolution of the moon being aboat 29} days, 
we have,b^the mle of three, as 39} d. : 24 h. s : 1 d. : 81 h. 

t The time of the moon's risini^ and setting maybe found as for a 
star or planet, see Problem LXXI ; but, on account of the moon's 
■vrift and irregular motioHj the soltttion wiU differ materially from 
thetrath. 






i}» produces 1053, that i% 10 hourg and 53 over ; this 53, muUipUei 
by 60^ produces 3180, which, by rejecting the two right hand fig« 
UMs, leates 31 nrimiteS ; so that, by thitf method, tb^ moon comd^ 
to the nieffdiaii at 31 mimites past 10 o'cAosk m the eirenisg. 
^ imn^ the Ifautical Mmanae, 

Sun's right ascension at noon i2th Marcli s 2S h. 2^' 50^ 
Ditto - '^ ;. - 13th Max<eh soi 23 . 32 3^ 



Moon's right alcehgidA At ftabtt 13Ch MTdtch aifc 136^ 4af 
Ditto -> - • • 13th Marcli =« 149 47 



Increase kk d4holiis • - 12 59, eqhil 



■Mb 



to 51' SW' ; hence 51' 56'' dtminished fagr S^40'^ leaves 4^ 16"', tho 

SMoa's motion exceeds the sun's in 24 hours. 

Moon^s ri^t ascension 136<' 4^ X 4,^* 9^.^ I7f^ 
Sttii s light aiceiMtdit • •* ^ 23 28 5^ 

f 9 38 33 

i4i^-C4«f W*') :&*!:> 38^ ^ : 9*i Sd' die trtie time of the ilioort 
^age «»«irtll^ ttelMBaftiin tM tfWning, agtetilig Azatttly #ith iM 

3. Ai what hour^ on ^e lith of April 1805, did tho 
moon pass ovel^ the meridian at Greenwich f Th^ 
moon's right ascension being 218 deg. 26 min«, and 
dechnation M deg. south. 

S* At what hoor.on the 5th o^ t'ebruary 1810, did 
the moon pass overtte meridian of Greenwich^ The ' 
i^oon's right ascension being lt>l deg. 9 min., and der 
Glination'4 deg. 48 min* north? 

4* At what hour, on the 17th ojf October 18 10, did 
^c moon paUs over the meridian of Greenwich f The 
moon's right ascension being 87 deg* ;il min., sind de* 
chnation 18 deg. 14 min. north. 

PROBLEM CI. 

The day qf the months latitude ^f the phct^ and time of 
high water at the full and change qf themgon bttng 
'given^ to find the time of high water on the given daym 
Rule. Find the time at which the mooii ccnnes to the 

meridian of the given place by the preceding problem^ 



- * When the sun's right ascension is greater than the moon's, as ia 
this example, 24 hours must be added to the moon's right ascensiofe 
before yeu subtract. 



a04 PRO&UBXS BE&lcnniED BT 

to whieh add Ae time ctf high water at die given place 
at the full and change of the moon (taken from the ibl« 
lowing Tabic), and the sum will show the time of high 
water in the afternoon, if the sum exceed 12 hours^ 
subtract 12 hours and 24 minutes from it, and die re« 
mainder will show the time of high water in the mom* 
ing i but if the sum exceed 24 hours, subtract 24 hours 
and 48 minutes from ic, and the remainder *viU shoir 
the time of high water in the attemoon. 

OR, BT THE TABLE, FAG£^ 244. 

Find the moon's age by the i'able, at page 244, and 
take out of the time from the right hand column there* 
oi, answering to the moon's age ; to which add the 
time of higti water at the lull and change of the mooit 
(taken from the following . Table)^ and the sum will 
show the time of high water in the afternoon. If the 
sum exceed 12 hours, subtract 12 hours and 24 mm* 
Utes from it, and the remainder will, show the time of 
high water in the morning ( tKtt» ii' the sum exceed 24 
hours, subtract z4t hours and 48 minutes from it, and 
die remainder will show the time of hign water in the 
attemoon. 

^ OR THUS? 

Find the time of the moon's coming to the meridiasy* 
of Greenwich on the given day, at page 6 of the Nauti* 
cal Almanac ; take out die correction (from the follow* 
ing Table) to correspond to this time, and apply it as 
the Table directs ; to the result add the time of high 
water at the full and change of the moon (taken from 
the following Table), and the sum will show the time 
of high water in the afternoon. If the sum exceed 12 
or 24 hours, proceed as above. 

Examples^ !• Required the time of high water at 

London Bridge on the l:^th of March ld05 i The moon's 

right ascension at chat time being 1 3b acg. 48 min., and 

her declination 14 deg. 40 min. north* 

Answer. By theglobe.^'The moon came to the meridian at 9*^45' 

Time of hijj^ water at the full and change at iiondoa 3 

Sum - • - - 12 45 
Subtract irom it • 12 24 



Time ofhigh water in the momingp * • • - « 21 



izByrfks'^aMe page 244. The moon's age vrtM 13» the tiine vtksmta^ 
ing to which, in the saiiie Table is . • 10^53^ 

Time of' high water at the full and change - - 3 

Sum - i * . 13 53 
Subtract from it « 12 24. 



* Time of high water in the morning - - * - 1 2fi^ 

My the NauticcU Almmact^The moon came to the meridian at 9^S9f 

The time from the right hand Table following^ answering to 

9^ 58^ or rather 10 hours, is - - - - * 24 

Sum - - * 10-22 
' Time of high water at London at the full and change - 3 

Sum . ^ -' 15 22 ; 
Subtract from it - 12 24 . 



' Time of high \?ater in tiie morning* - - - - 5i . 

2. Required the time of high water at Hull, on the 
l^th of May 1810 ? the moon's right ascension being 
233 deg««'^ min.^ ami her deciinatmi 16 deg* 3 min< 
south. 

3, Required ^e time of high water at Liverpool oa* 
the 15th of June 1810.^ the moon's right asct^Eisioa 
being 224 deg. 2 min., and her declination 17 deg. 13 
xpin. soudi. 

.4!. Required the'^titne of high water at Limerick oii> 
the 12th of August 1810.^ the moon's right ascension 
bf^ing 262 deg<. 18 oiin., and her decimation 18 deg. if. 
min« south. . 

5* Required the time of high water at Bri&tol on 
the. first of September 1810? the moon's right ascen-* 
sion being 191 deg. 25 min., and her declination 4 deg.. 
16 min. south. 

6. Required the time of high water at Dublin on the 
5th o£ December 1810? th<^ moon's right ascension 
being 13 deg«^ 44 min.,.and her declination 4 deg. 48 
min. norths 



■■ tt 



* Here are three methods of performing the same problem, and 
the results all differ from each other : tlie last is the most correct : 
however, any one of the methods is as correct as those which are 
givto in books on pilotage and navigation. 
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4 3< 






North ^rwick 


2 


Hartlepool 


3 ( 






St Bride's B»y 


6 


Harwich 


11 It 






Bridlington fl>7 


3 50 


Holyhead 


94; 






Br.dpon 


6 45 


HuU 


6 ( 






BHshton 


9 5U 


Kinule 


51; 






Bri^tul 


640 


Leith 


3 2( 






Caithneti Point 


9 


Limerick 


4 3( 






CaiHire. Mull, 


10 30 


Liverpool 


11 i; 






Cipe Cle»t 


4 30 


London 


3 ( 






CoA 


6 30 


MiUbrd 


5 i; 








10 30 


Newcastle 


3 L 






Crorosrtie 


It 40 


Orfcrdneis 


9 4: 






Cormet 


7 


Plymoulh 


G ( 






CoUen 





Portland 


7 31 








6 30 


Hunsgate 


10 3( 






Dingle B*j 


3 30 


Rochester 


4J 






Dover 


n 30 


Sandwich 


11 3C 






Dublin 


9 13 


Scarborongb 


3 4; 






Dunbar 


3 30 


Slip. 


5 3( 






Duiibutoo 


11 li 


Southamplon 


{ 






Dundee 


2 10 


Stockton 


3 3( 






DHngarvon 


4 30 


Swansea 


6 ( 






Duogeneij 


94S 


TynemoQtli 


3 ( 






Eddy stone 


5 30 


Torbay 


6 i; 








3 SO 


Weymouth 


73( 






Exeler 


10 30 


Wbitby 


32{ 






E I mouth Bar 


6 20 




11 i; 






Faiinonth 


530 


Yarmouth 


9 ( 






Fern Uland 


3 30 











PKOBLEM CII. 



To describe the apparent path of any planet, or of a 
cornet^ amongst the fixed stars, i^c. 

Draw a straight line O, O, to represent the ecliptic, 
and divide ii: into any convenient auiober of equal parts. 



THE CELESTIAL GLOBE. 



aor 



Set off etght of those equal parts northward and soutl)- 
ward of the ecliptic, at each end thereof ; and draw 
lines as in the figure, Plate V, these will represent the 
2&odiac« Find the planets geocentric latitude and longi- 
tude in an ephemeris, or in the nautical almanac, and 
mark its place for every month, or for several days in 
each month, beginning at the right hand of the ecliptic 
line, and pt^oceeding towards the left.^ 

Find the latitudes and longitudes f of the principal 
stars in the several constellations near which the planet 
passes, and set them off in a similar manner from the 
right hand towards the left; ; you will thus have a com;* 
plete picture of any part of the heavens, with the posi- 
tions of the sevend suirs, &c. as they appear to a 
spectator on the earth. 

Example, 1. Delineate the path of the planet Ju- 
piter for the year 1811 ; the U^itudes and longitudes 
being as follow : 



Jan. Ist 

Feb. 7th 1 

25th 1 

March 1st 1 

25th 1 

April 1st 1 

25th 2 

May Ist 2 

13lh 2 

25th 2 

June 1st 2 

25th 2 

July 7th 2 



Longitudes. Latitudes. 
1« 21^45' 0^'57'S 



22 11 

23 58 

24 20 

28 16 

29 35 



4 
5 



30 
49 



8 31 

11 17 

12 54 
18 27 
21 49 



47 S. 
43S 
42 S 
37 S. 
36 S. 
32 S 
31 S. 
30 S 
29 S. 
28 S. 
26S 
25 S. 



Longitudes. Latitudes. 



July 25th 


2«25<> 1' 


0«»24'S. 


Aug. 7th 


2 27 36 


23 S. 


19th 


2 


29 48 


22 S. 


25th 


3 


48 


22S. 


Sept. 7th 


3 


2 45 


21 S. 


25th 


3 


4 50 


21 S. 


Oct. 7th 


3 


5 44 


20 S. 


25th 


3 


6 15 


19 S. 


Nov. 1st 


3 


6 10 


18 S. 


19th 


3 


5 12 


17 S. 


25th 


3 


4 40 


16 S. 


Dec. 13th 


3 


2 34 


14 S. 


25th 


3 


S7 


12 S. 



Jupiter's path, when delineated, will appear south of 
the ecliptic in the order A, B, C, D, E, F, G, H. The 
planet will be at G on the 25th of August, and will ap- 



* The young student will recollect, that the stars appear in a 
contrary order in the heavens to what they do on the surface of a 
globe. In the heavens we see the concave part, on the globe the 
convex. This manner of delineating the stars will be found extreme- 
ly useful, and will enable the student to know their names and 
places sooner than by the globe. 

f The places of the stars may likewise be laid down by their 
right ascensions and declinations, by drawing a portion of the equi- 
nMtial instead of the ediptic. 
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pear a little to the right hand of the star marked « in 
Oemini ; when it arrives at H, which will happen on 
the 25th of Octol^er, it will apparently return again to 
G, a small matter above its tbrmer path^ where it will 
be situated on the 25th of December. 

In the same manner the places and situations of the 
stars may be delineated , thus, Aldebaran, the principal 
sur in the Hyades, will be found by the Globe, (or a 
proper table; to be situated in 7^ of n, and in 5|^of 
south latitude ; Betelgeux in Orion's I'^ght shoulder, in 
about 26^ of n, and in 16 of soudi latitude, and its place 
may be laid down on a map by extending the line of 
its longitude, as from L, till it meets a straight line 
passing through 16, 16, on the sides of the map* In 
the same manner, any oiher star's situation, may be des«- 
cribed ; thus, the Hyades will appear at Q, the Pleiades 
Ht P, &€• and Bellatrix &c« aiiin the figure. 



« 



PART IV. 



COKTAININO9 



1. A promkcuous Collection of Examples exercising the 
ProUems onthe globee.^^%^ A collection of ^eations^ 
with References to the Pages where the Answers %viU 

' befmmd ; denned as an Assistant to the Tutor in 
the Examination of the Scholar.^^S* 'A Table of the 
Latitudes and Longitudes of the Principal Places in 
the World. 



CHAPTER I. 

A promiscuous Collection of Examples exercising the 

Problems on the Globes. 

i. WHAT day of the year is of the same length as 
the 14th of August ? 

2. How many miles make a degree of longitude in 
the latitude of Lisbon f 

3. At what hour is the sun due east at London on 
the 5th of May f 

4. There is a place in the parallel of 31 deg. of north 
latitude, which is 31 degrees distant from London ; 
what place is it i 

5. If the sun's meridian altitude at London be 30 
deg* what day of the month, and what month is it i 

6. On what month and day is the sun's meridian al- 
titude at Paris equal to the latitude of Paris i 

7. When y Draconis is vertical to the inhabitants of 
London at ten o'clock at night, what day of the month, 
and what month is it ? 

8. What is the equation of time dependant on the 
obliquity of the ecliptic on the 14th of July i 
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9* I observed the pointers of the Great Bear^ on the 
meridian of London, at eleven o'clock at night ; in 
what month and on what night did this happen I 

10. On what day of the month, and in what month, 
will the shadow of a cane placed perpendicular to the 
horizon of London, at ten o'clock in the morning, be 
exactly equal in length to the cane ? 

1 1. The earth goes round the sun in 365 days 6 
hoAirs nearly ; how many diegreea doe» it meve m on<B 
day, at a medium i Or> what is the daily afpatent 
mean motion of the suii I 

12. The moon go^s once r^und ker crbii> ftom the 
first point of the sign Aries to the same again, m 27 
days 7 hours 43 minutes S aecoada;. wbatis her mean 
motion in one day f 

13. The moon turns round her axis, from the sun to 
the sun again, in 2d days 1^ houra 44 minutes 3 sec- 
onds, which is exactly the time that she takes to go 
round her orbit from new moon to new moon ; at what 
rate per hour are the inhalniiants ^f any) of her equa- 
torial parts carried per hour by this rotation ? The 
mooQ*s diameter being 2 144 miles. 

14. How many degrees does the nu»tion of the moon 
exceed the apparent motion of the sun in 24 hours ? 

15. The day of the month being given, it is re- 
quired to find the moon's longitude when she is eighit 
days old ? 

16. Travelling in an unknown latitude^ I foujid, by 
chance, an old horizontal dial ; the hoiir-lines of wfaicn 
were so defaced by time that I could only dkcover 
those of IV and V, and found their distance to be ex- 
actly 21 degrees ; pray what latitude W4S the dial made 
for? 

17. Required the duration of twiligh^ 9,t the south 
pole ? 

18. How far must an inhabitant of London travel 
southward to lose sight of Aldebaran • 

19. What is the elevation of the north polar star 
above the horizon of Calcutta ? 

20. Lord Nelson beat the French fleet near latitude 
31 deg. 11 min. north, longitude 30 deg. 22 min. east ; 
point out the place on the globe. 



• " ^ 
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« 

tU What is the svLn\ altitude at three o'clock in 
die afcemoon at Piuiadelphia on the 7th of May r 

22. vVnat la the length of the day at London on the 
S6th of July, and how many degrees must the sun's 
declination be diminished tu make the day an hour 
shorter r 

23. At what hour does the sun first make his ap*- 
pearance at Petersburg on the 4th of J une t 

24. At what rate per hour are the inhabitants of 
Botany ftay carried from west tx> east by the rotation 
of the earth on its axis t 

25. When Arcturus is 30 degrees above the horizon 
t>f London, and eastward of the meridian, on the 5th 
of November, what o'clock is it f 

26. Describe a horizontal dial for the latitude ot 
Washington. 

27« Describe a vertical dial facing the south, for the 
latitude of Edinburgh. 

28. What is the moon's greatest altitude to the in* 
habitants of Dublin f 

29. What is the sun's greatest meridian altitude at 
the southern extremity of Patagonia f 

30. At what hour at London, on the 15th of Au- 
gust, will the Pleiades be on the meridian of Philadel- 
phia i ^* 

31* If a comet, whose longitude was 4 signs 5 deg«, 
and latitude 4At deg» north, appeared in Ursa Major, 
in what part of the constellation was it i 

32. On what point of the compass does the sun set 
tit Madrid, when constant twilight begins at London f 

33. What is the difference between the duration of 
twilight at Petersburg and Calcutta, on the first of 
February ? 

34. How much longer is the lOth of December ait 
Madras than at Archangel ? 

35. How much longer is the 5th of May at Archan- 
gel than at Madras ? 

36. When it is two o'clock in the afternoon at Lon- 
don, on the 15th of February, to what places is the 
sun rising and setting, and where is it noon f 

37. Whether does the sun shine over the north or 
south pole on the 17th of April, and how far f 
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38. At what hour on the 1 8th of April wiH Ae aua^ 
altitude and azimuth, from the east towaixls the 8outh| 
be 40 deg. at London i . . 

3^« Which way must a ship steer from Rio Janeiro 
to the Cape of Good Hope ? , 

40. Are the clocks at Philadelphia faster or slower 
than those at London, and how much I 

41. Are the docks at Calcutta tiaster or slower than 
the clocks at London, and how much ? 

42. What is the difference of latitude between Co^ 
penhagen and Venice ^ . .y 

43» There is a place in latitude 31 deg. 11 min. Qorth, 
situated, by an angle ol position, south east by east 4 
east from London ; what place is that, and how far is 
it from London in English miles f . .• 

44. On the 13th ot February 1810, the longitude of 
Venus was lO signs 15 deg. 49 min., latitude 1 4e(^ 
9mm» south ; did Venus rise before orator the sun, 
and how much I ■■.:*_.. 

45. On the 7th of December 1810, the longitude cf 
Venus was 9 signs 14 deg. 32 min., laititude l.deg. 
4'z min south ; did Venus rise before or after .the 9iui|^ 
and how much i 

46. On the 19th of October 1810, the longitude of 
the planet Jupiter was 2 signs O deg. 3 min., latitude 
1 deg. 7 min. south ; at what hour did he rise, come 
to the meridian, and set at London i . ^ 

47. On the 7th of January 1810, the moon's lon- 
gitude at midnight was 10 signs 20 deg* 13 min*, lati-* 
tttde4 deg. 18 min. north ; required her rising ampli- 
tude at London, and the hour and azimuth, when she 
was 30 deg. above the horizon ^ 

48. The moon's longitude on the 5th €»{ November 
1810, at midnight was 11 signs 6 deg. 24 min., lati- 
tude 2 deg. 30 min. north ; required the time of her 
rising, coming to the meridian, and setting at London, 
and the time of high water at London Bridge ? . 

49. To what places of the earth was the moon 
vertical on the 1st of January 1810, her longitude being 
7 signs 19 deg. 47.min., and latitude 1 deg. 54 min, 
north ? 

50. Onthe 1st of March 1810, the moon's ascending 
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node win be 6 rigns 16 deg. 42 mm. ; where will the 
descending node be«? 

51. The moon's declinadon on the 5th of Novem* 
ber 1811 will be 17 deg. 50 min. north ; to what places 
of the earth will she be vertical ? 

52. What stars are constantly above the horizon of 
Copenhagen i 

53. I observed the altitude of Betelguese to be 19 
deg* and that of Aldebaran40 deg. ; they both appear- 
ed in the same azimuth, viz. exactly east ; what lati* 
tude was I'mi 

54. In what latitude is Aldebaran on the meridian 
when j$ in the Lions tail is rising ? 

55. In what latitude is Rigel setting when Regulud 
is on the meridian ? 

56* In what latitude are the pointers in the Great 
Bear on the meridian when Vega is rising i 

57. In latitude 79 deg. north, on the istof Febru* 
ary, at what hour will Procyon and Regulus have the 

•ame altitude i 

5B. At what hour on the 10th of February will Ca« 
pella and Procyon have the same azimuth at London ? 

59. On the 10th of November at eight o^clock in 
the evening, Bellatrix in the left shoulder of Orion waii 
rising ; what was the latitude of the place i 

60. On the 16th of February^ Arcturus rose at eight 
o'clock in the evening ; what was the latitude ? 

61* At what hour of the night on the 16th of Febru- 
ary, will the altitude of Regulus be 28' deg. at London i 

62. Required the altitude and azimuth of Markab in 
Pegasus, at London, on the 21st of September, at nine 
o'clock in the evening ? 

63. On what day of Ae months and in what month, 
will the pointers of the Great Bear be on the meridian 
of London at midnight i 

64. What inhabitants of the earth have the greatest 
portion of moon^li^t ? v 

65. On what day of the year will Altair, in the. Eagle, 
come to the meridian of London with the sun ? 

66. In what latitude north is the length of the long^ 
est day eleven times that of the shortest ? 

s s 
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hours?' , ; 

68* A% ^hatt|t)i|^ 4oes the ^lorning tivritight begin^ 
and at what tiine does the evj^ning twilight ^nd%i l^bu^ 
iadelpliia, on the iirth of January ? 
^ 69* 'When it ia four o*clock in the afternoon at I^hi* 
aori, on the 4th of June, where is it twilight ? v 

, 70. Keqiured the uiti^deaof Gape Horn i 
71. Required the penoeci of Philadelphia i 
'72. Required the antc^ciof the Sandwicti Island^ f \ 
Y*i* What is the angle of position bet^f tm Lond^ 
and lerusalem ? 

^ 74. Required the distance bet]i¥een tiOi^on 9ff^ 
Alexandria, in English and in ^K>graphical n^lesl 

75^ In whaUatitudenonhdoestliesunbefinuitoshiM 
constantly on the 10th of April I 
" ^6. How long does the sun shine w^dbout s^t^ng^ 
the north pole, suid what is the duration o/dark night f 
\ 77. Where is the son ¥er|icadwheB)|:U midmght^^ 
biibrin on the 15ih of July \ 

78. Wb^n it is five o'ctock in the erming at Phila- 
delphia, where is it midnighti and wKejPe is' |t XMKm \ 

79. What places )iave the aaipe |Kmr§'of tbe day as 
]^dinbui^h? ' 'r 

80* what places have oppositei hours to die respec- 
tive capitals of Europe? ^ - 

8 1. At what hour at London is the ami due east ag 
the time of the equinoxes ? 

, 82. At what hour at London is the sun due east ^ 
the time of the solstices ? 

83. \vL what climates are the following places situa^ 
ted, viz. Philadelphia, Madrid, Droiitheim, Trincom- 
ale, Calcutta, and Astpacan ? 

84. On what day of the year does Begulus rise hdi-r 
acally at London ? 

85. Qn what da]p of the yne^r d%>e^ BetelgUf se* set 
heliacally at London ? * , 

86. '\Ybat stars set achronicadly at London on the' 
24th of l^ecember ? 

87* What stars irise achronically at London on the 
12th of December? 
88. In what latitude north do the bright stars ita the 
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the same hour 2 

89» Iiv what latitude north do CapcHaancb Castor Bdt 
at the same hour, and what U'th^ <fi!Ser^ce of timo 
heiivedD their coming to the meri^n ? • 

. pOu Whatataianaecoaiiiitaily«tLoiiitoiioiitb^7tb 
of December f 

91. WhatsMrs«etct)f^Baiild^«tI»iidonon:thelO^ 
tf December I ..... / ' 

9:^ What degrees of theediptic attd eqtundttial til« 
Ifith AidebaxiBQ at Lonkkm I > > . *. t 

93. On what day of the year does ArcHutoi cMie.t<^ 
iik m^ridtaiinof Ik<>inIon;'attwo o'ctodc In^he' n^oiiofing i 

94ii On wbut day. of ther^ ^ear dobs Megviliis eoi^ 
tsthemeridiaii of llondOta,iittiiiiieo^ickicfcin th^ evan^ 

. .95. At ydbtthne- does Ve^i im Eyirav eoniHe to the 
merkliap <»f LbnUoiiv oo the I StU of 'Atigoat i ^ 

t 96. Trace 'oilm the Galaxy,' drniitkyfway, ^nr the ce^ 
Bsstialg^obe*. . , ; : . » 

97* If the meridiim altitude of the sun on die fth ol^ 
Jons be'5'Odfifgt^^hatt is thclastitude of the place f 
: 98* ItequJred . lfae> sun's ria^t and oblique i^censiofi* 
at London at^the equinoxes r 

' 9SL Re^faired the sun-s ri|;ht asecsiSion, oblique as- 
cension, aicenuonal difference, -and tinie of rising andf 
iettingvt iiondcmi on the'Slhof Ms^ ? 
: lOD* If tiie sun^s rising amplHude on the fth of JunH 
be 24 deg to the northward of the east, what is ther 
latitude'of ^M place ? 

> . IQli What slara^haTO die fdUowing degrees of rightf 
ascensidns and 'declinations I 

'f \Kf R.A. 29°45'*D.N.i16a°49'ILA. 62^50' D.N. 
^14 38 R.A.a4 33 D.N.1244 If R.A 25 58 D.S* 
\iS 59! R.A. 3 10 D.N.jdSS "27 R.A« 19 15 DS. 
. . 102* Describe a horizontal' «ub-dial for the iMitude 
of Edinburgh. 

• 100* What 16 the length ol the d^r on February 14> 
at London, and how^mmii must the swi's declination' 
kicrease to aoake th^ day an hour longer \ 

104. What hour is it at London when it \% 19^ vain* 
utea pubt '5 in the evetiiiig at Jerusalem ? . . ^ 
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tQ5« Oskdkt 21it <tf Jttne^ the imi^M BiiXvAs nm 
observed to be 46 deg., U5 min*y and his azimoth IIJS 
dteg- 59iiim. from the iic»tliPt0wanis Ae ea^ at iMir 
don ; what was the hour of the day ? ^ 

106. Given the. sun's declination 19^ deg. 6 mia^ 
north, and increasing^ ; to find the aim's loagimde, right 
ascension, and the angle formed between the ecliptic 
imd the meridian passing throttg^ the sw ? 

107* Given the sun's right ascension 434 deg. S4 
min to find lus longitude, declinatioii, and the angle 
formed between the ecliptic aad the mmdian passing 
through the sun I 

. 108* Given the sun's longitude 17 degv Mmin. 'm. 
\l ; to find his. declination, rigjht asceaaiony.mid dis 
angV^ foarmed ^between the ecufmc and the. mmdtaft 
passing through the sun i 

109* Givei;! the: smi's mnplitude ^9 . Jeg« SO nm- 

.Irom the cast towards the north,. land^, his declm^uK 

23| deg* nordi } td find the latitude of the place,, tte 

time of the sun^s rising and setting, and the 4engdi of 

the day and night i 

IIQ. At what time, on the first of April, i^Areto^. 
rus appear upon the & oVlock hour^liiie jit S>Qndon,timd 
what will his altitude and azimuth be^ diat time. ? x 

111. Bejquired the altitude of die sun, asdi^thelmur 
he will appear due east at London, on the- n^Othof Msiy.i 

112. At what .hours will Arctums afificar due eaat 
and west at London, onthe 2d of Aprils and whaturiQ 
its altitude be ? v. 

113. At London, the sun's altitude was observed 
to be 25 deg. 3Q min* whenon 4lie prime venical ; re-^ 
quired his declination and. the hour <of the day f 

U4. On the 2d of April 1811, the moon's right 
ascension at midnight wiU be 128 deg* 2 min., and her 
declination 14 deg, 43 min. north ; required her dia* 
tanqe from Regulus, Procyon, and Betelguese, at tkst 
time? 

115. The distance of a coi^et &nm Sirius wasob- 

served to be 66 deg«, and from Procyon 51 deg. 6:niin. ; 

the comet was westward of Sirius $ reqiuffied ita^ latfr* 

tude. and longitude? . ^^ 

V 116. On the 29th of January^ in laiUttde 53 degrees 
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JM nm. iMirtli, mid kmgttudic SiSNIcg* 19 tniii. west, at 
14 hours 58 miii. by a watch well regulatedv the ahi* 
tad* oi ProcyoB was 19 deg. 54 min.v and* that of AI- 
phacca was 42 deg. 9 min.^ as observed by two separate 
persons ; Alphacoa was on the east, zod Procyon on 
the west of the meridian s was the watch too fast or too 
alow? 

117. The declination of y in the head of Draco is 
51 deg. $1 Aitn. north ; to what places Vill it be vertical 
when it comes to their respective meridians ? 
. 118. When it is four o clock in the evening at Lon* 
don on the 4th of May, to what places is the sun rising 
and setting, where is it noon and midnight, and to 
what place is die sun vertical f 

Il9r-At what time does the suo risie and set at the 
North Cape, on the north of Lapland, on the 5th of 
April, and what la the length of the day and night f 
i 120. At whait time does the sun rise at the Shetland 
Island when it sets at four o'clock in the afternoon at 
Gape Horn-? 

l:il. Walking in the Kensington Gardens op the 
17th of May, it was twelve o'clock by the sun-dial i.nd 
wiKited eig^t mitoutes to twelve by my watch ^ was 
my watch right i 

^ 122. If the sun set at nine o'clock, at what time does 
it rise, and what is the length of the day and night ? 

123* Where is the sun vertical when it is five o'clock 
in the morning at London on the 15th of May i 

124. At what hour does day break at London on 
the 5th of April ? 

125« If the moon be five days old on the first of 

iune, at what time does she rise, culminate, and sttat 
lOndon i • ' 

126* On what day of the month and in What month, 
does die sun rise 24 deg* to the north of the east at Lon- 
don ? 

127. When the sun iff* rising to the irhabitants of 
Londan^ on the 8th of May, where is it setting ? 

lSi6- When the ^un is setting to the inhabitants cf 
CakutU, on the 18th of March, where is it midnight ? 

129* What is the difference between die circumfer- 



enceofthe eift^ at thi tiptttor )faid?<t >€C«»liuHg 4g 
Englirii mile*? • ; ,. 

Ida . /t what hour dbes the^ sun rise at'lftilNidbei 
when constant twilight begins* at Duj^Ua i , 

1-31. When the iun i« rifting at b'why'hee ca^Hf 
l8th of May, #terer i% it iioon I 

1 32. At what hour does the sun rise at London w4idf 
it sets at ^cven oVlock at Petersburg ?»' 
: 13d» How high is dre north pobr alar iribDV% the hb& 
rizon of Quebec i . - 

1 34. How man]^ English miles nnist a0 iahabUttift of 
Ivondon travel southward, that the mdridlito mh|tude d£ 
the north ^olar star' may be diitiinished' 95 degi ^ ' ; \ 

135. How many English mites nqit'i'tnwietwesu 
ward^fi^MKiikondcm Ant i^y watch may) b^s^n^bblurs^ 
loofdit? » " ' .' ,\ ' j' ■.. .J 

136. yn^t place of the earth- hafc ifc^sfai in tNe a^ 
Mth,'wteit it H seven 'oVlock ih the mmbiil^^ aiT JI^oq* 
don^ on the 2Sth of Apfiil . 

137. On what day of the month, and in whait.ihofltb^ 
is the sun*s amfilitude at Lcmdoil equal to onif«*third of 
&e latitude? ■>'*.. 

138. On what month and day is the suii^a anq^linide 
at Londgn equal to the latitude of Kingston inr Jc< 
maica? 

139. If the moon be three days dd ovlhelTtb' of 
February, what is her' longitude ? 

140. If the highest pomt of Mont Bhme ke 5^0i 
yards above the level of the sea, wint would ^ be its al* 
titude on a globe of 18 inches in dian^eter?^ 

1411 If the polar diameter of the.eardi tie to the 
equatorial diameter as 229 is to 230, what would th^ 
polar diameter of a three inch globe be, if constructed 
on this* principle ? ' 

• 14^. What inhabitants of the earth, in the cotirse cf 
twelve hours, will be in the same situation as theiir an^ 
iSpodes ? ; ' . 

143» On what day of the year at Londbn is tlie' twi^ 
light eight hours long ? j 

144; At what timedoes the sun risfe aid set at LoH"^ 
don, .when thb inhabitants at die north poleVbegitt t« 
have dark night ? 



146. What is the moon's longitude >wV^ f^ moxm 

147* Does the svUi ^^v fif^ wA f»% «^ tile. akm|1| 
fole? 

148* At what hour of the day^ on the 15th of Aprils 
will a person at Lcmdon have his shadow the shortest 
possible? 

149* If the precession^f the equinoxes be 50| sec- 
cmds in a year, how many years will elapse before the 
constellation Aries will coincide with the solstitial^ 
coiure i 

150. If the bbfiqiiity of Ithe ecliptic be continually, 
diminishing at the rate of 56 seconds in a centuiry, as 
^9U4 hgr ^f y^raji i^^qr^ h^w ^mm yiea^F? viW#Jw% 
4rQti^.]^e first of January 1905, wbeiji t||_e pWiq^^^y of 
%e ^f:%tic wsis 23 deg* 27 min; 42^ 8€^„ b^foT^ 4ie 
ecliptic will coincide with the equator ? 

151. Required the duration of dark night at the 
soudi of Noya Zembla* 

152* When constant twilight ends at Petersburg, 
^iirp ^i| the day J8 hoi^rs ^mg ? \ 

isSf J^t what houf does t£^ spp s^t at CQn^tai|ti|(9f^ 
g)c wh^ j^ rifes 12 deg. t0 the npjrth of the <^t i . 

154. WHat is the 4i%renpe between .a splar ^d ^ 
S|deri|«^ year, md wha( does th^t difference ari^e frgm i 
* 155. What is the difference between the length s^fj^ 
natural or astroi^mical day 40^ % sideriai day, ai^d how' 
doe^ the difference arise i 

*' 156. Required the difference between the length pf 
t)ie longest d^y at Cape Horn and at Edinburgh i 

'lS7* If one n^an were to travel eight miles a day 
trestw^4 round the earth 9X t;he ^qus^tor, and anotl^er 
two mUes a day westward round it in the latitude of 
80 deg. north ; in how many days would each of them 
return to the place whence he set out i 

158. If a pole of eighteen feet in length be placed 
perpendicular to the horizon of London on the 15th 
oi July, and another exactly of the same lei^gth be pla- 
ced in a similar manner at Edinburgh, which will cast 
the longer shadow at noon ? 
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159. If the moon be in 29 deg. of Leo at tl»^ Uvsid 
Bitw moon^ what sign and degree will she be in whM 
the is five days old i 

16a What is the duration of constattt day or twi^ 
fight at the north of Spitsbergen f * 
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CHAPTER IL 



A CdOedion of$iuaitom^ with Mefertncestp the Pagt» 
where the Anrwera will be found; designed as cat 
as^i^tant ^to the Tutor* in th^ EoeamnatUm ef tl^ 
Student* 

I* iSreat circles on the terrestrial glpbf* 

'i. What is a great circle, and how many are there 
drawn on the terrestrial globe i definition 6j/f, 3. ^ 

% What are the meridians, and now many airfe drawn 
on the terrestrial globe f def* S^p* 3. - ' 

3. What is the equator, and what is its use ? def. % 
p. 3* 

4. What is the first meridian? def, 10, j^. 3. ' 
4* What is the ecliptic^ and where is it situated? d^ 

11,^3. 

6. What are the colures, and into how many parts 
do they divide the ecliptic ? def. 42, f. 0. 

7. What are the hour circles, and how are tht^ 
drawn on the globe i def. SO^p. 11* 



* Thoag^h a reference be ,fiven to the pages where the answers 
to each question may be found ; yet^ perhaps it would be better for 
the student not to learn the answers bv heart, ▼etbatiifi from the 
book ; but to frame an answer himself, n>om an attentive perusal of 
his lesson : by which means the understanding wilbbe called into ex* 
ercise as well as the memory. 
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& S*. What Haur*circte is caUed the six o^clock hour 
,linef def* 51,/». la. 

9« Wtiat are the azimuth or vertical circles, atkd 
what i3 their use? dtf.^'^^p^ 10* 

10* What is the prime vertical? def* 44y^« 11* 

' * - < . 

II. Small circles on the terrestrial g'lobe^ 

!• What is a small circle, and.^iiow many are gene* 
rally drawn on the terrestrial globe ? defl 7, p» S. 

2. What are the tropics, and how far do they ex** 
tend from the equator, &c. ? def. 15,^. 5. 

3. What are the polar circles, and where are they 
situated.^ def. 16,/^. 6» 

4^. What are the parallels of latitude, and how many 
are generally drawn on the terrestrial globe f def. tf^ 
f. 6. 

5. What circles are called Almacantars/? ikf. 39, 
/. 10. 

Ill* Great circles on the celestial g^bbs* 

• ' * 

1. How i^any great circles are drawn on the cele%^ 
..tial globe? 

2. The lines of terrestrial longitude are perpendicu-' 

}ar to the equator, on the terrestrial globe, and all meet 

*in the poles of the world $ to which great circle on the 

globe are the linear of celestial Igngitude perpendicuilf, 
and on what points of the globe do they all meet ? 
. 3. What are the colures, and into how many parts do 
they divide the ecliptic? def, ^2, p. 10. 

4. What is the equinoctial, and what is its use ? def 

5. What is the ecliptic, and where is it situated ?. 
defihp.S. 

6. What is the zodiac, and. into how many parts is 
it divided ? def 12, /r. 3. 

7. What are the signs of the zodiac, and how are 
they marked? def 13,^. 4. 

8. Which are the spring, summer, autumnsd, and 
wintet signs: and on what days does the sun eour 
them? d^. ^^yp* ^* 

T t , 
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dlj/I 14, ]ft. 4. 

1. How many small circles are drawn on the celes- 
tial globe ,^ 

2. What fire the tropics, and how far do they extend 
from ttie equinoctial^ def, ISjf. 5. . 

3. Vt^hat dr^e thlb pbtar Circles, and where are inejr 
situated )" Stf, 16« /• 6. 

4. Wliat are the piarallftU of celesttal lautude I def. 
40, /^. 10. 

5. Wh4t k^ th6 t>^f&llels of declinauon? Jir/: 41» 
p. 10. 



V. The brass mertcRan^ and other appendogjes to th%^ 

globes. 

1. What is the brazen meridian, and how is it divi- 
ded and Qdlqli^ered i 4ef. H^p. H. ^ 

2. What is the axis of the earth, and how is it repre* 
s^t^ by tte ttrtS^elal globes f def. S^p. d« 

3. What are the poles of the world? def* 4,/. 2. 
4^ Wfiact al*^ the hour kilties, alKd fao# aft they di-- 

^dedf dbf. 18, p. 6. 

8. What h the horizon^ and What is thfe di^^nctioi! 
between the rational and s6toible hotitottl defs. i9, 20^ 
and2i)pa]^^^ 

6. Wtint i« the HtdbdM hdMsldn^ sind hew is it di vi* 
ded? def.%2yp.r. 

7* What is the mariner's coMpass^ how is it divided, 
and what is the use of it on the globe i defs. 32, 3d, p^ k 

8. .What is the quadrant of altitude, how i4 it divi- 
ded) and nAm ki its use ? Sef. 3^,/^. ^. 
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VI. Points on^ and beldHgihgto^the ^lobts. 

1. Whatis the pole of a circle? dif. 29, /'•IS* 

2. What is the zenith^ amd of WbCK circle ^ it fiCt 
pole ? def. 26, p. 6. 



fple? 4^' 27,/>. 8. , 

4. What are the cardinal fbipffi ^ th^ h^fi^pn f ^ 

^. What f^ A^ car4iwl ppii^ ia ^ t^e^^i^n^ I <3i^ 

84,/?. 7. ' . /. 

, 6* Wh^t we Ihe ^grdwrt pwitfi of tfef <<:liptic j |^. 

; 7, W^at «re th^ ^qM'mp^ti^ yoip^?. ^ef, ^.p.^f^ 
8. What are the solstitial points i def. 30,/^. 8» 
:9. WJ>8^t if IJ^ 9JH4n^iiiat|ng popi^t <^f a st^, ojr.^f a 

planet ? i/gC Ji 5i, j{u 1 ?• 

to. Ww ^ Ac ppl^ of ,tHe ^^Up^P) %ft4 ihqw far 

iffe they frofl(\ tly p^le^ ^f t^ If^Wr 

'•it.' 
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VII. latitude cn4 loi^gitud? en thf ferre^^rial gh^ 
flie^isio^ g/T the glgbe iptp ^on^s ^x^ climfte^^the 
(he pQfiitipns qfthfs $fh^re\ the sl\a49^9 and posktisit^ 
^ fh^ ir^habi^nU wtfh resfiect tfi 40Qh other y ^c^ 

i. What is Oije la^Jiu^ of 9plv^ W tl» t^l3:f4fiiil 
globe! rf<?/I 34,/». 9. 

2. What is the longitude of a place on the terrestrial 
globe ? def. 37, p. XO. 

3. What 18 a zohi^i and how many are dia^ wn the 
terreatrial globe ? d^. 70, ^ i fiU 

4. What is the sUijatioB, and what is theej^tt&t of 
the torrid zone? def. 71,/^. 18. 

9. Whiere are the two temperate «ones situated, and 
what is the extent of each I def, 72, ^. 18. 

6« Where are tbe two frigid sones sltuatedf and 
what is the extent of each ? def, 73, p. 1 8. 

7. WhaJ^ is a dimatp, aad how many are there on 
the globe ? def. 69, />. 16. 

fi. Ha^e aU {daces is tke same climate the same 
inmoaphericftl temperature ? /^. 16. 

9. How many diiferent positions of the sphere 9X^ 

10. What is a right sphere, aind what, inhabitants of 
the (^dbe hfiv^ ijbis positions df^s 66> p. 15 ; «#c Me* 
tm^e Prsii. HKlh p. i9A. 
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11. What is a parallel sphere, and^hatliihabieants 
of the globe have this position? defi %7^p* 15; tOid 
Jh^ob. XXII, p. 1^, &c. 

12. What is an oblique sphere, and what inhabitaits 
t>f the globe have this position ? V(p/) 68 p^'lS; and 
Prob. XHll.p. 197, fcc. 

13. What parts of the globe do the Amphiscii ia^ 
habit, and why are they sp called ? def. 7^.p, 19. 

14k When do the Amphiscii obtain the nani<r of 
Ascii ? 

i 5. What parts of the globe do the Heteroscii in- 
habit, and why are they so called .^ def. 75yp* 19« 

16. What parts of the globe do the Penscii inhabit^ 
and why are they so caUed ? def. 76, p. 19. 

17. What inhabitants are called Amoeci to esifh 
other,, and what do you observe with respectto their 
latitudes, longitudes, hours, &c. def.77^p.l% . ,, 

18. What inhabitants are called Perioeci to each 
other, and wha^ is observed with respect to their lati^ 
tudes, longitudes, hours, seasons, &c. def^ 78, p. 19. 

19« What are the antipodes, and what is obserwd 
with respect to their seasons of the ye^^ &c. dej. 7% 
p. 19. 

VIII. Latitude* and longitudes of the stars and planets 
on the celestial globe^ (s'c* together with the ppetical 
rising and setting of the stars, &?c. 

1. What is the latitude of a star or planet I dbf 35, 
p. 9. 

2. What IS the longitude of a star or planet? def 38, 
p. 10. 

3. What are the fixed stars, and why are they so 
called ? def 88, p. 22. 

4*. What is a constellation, and how many are there 
on the ctlestial globe ? def 90, /• ^3 \ see the tables^ 
/>. 23, 24, 25, fln</ 26. 

5. What is meant by the poetical rising and setting 
of the st^rs ? 4lef 89, p. 22. 

6. When is a star said to rise and set cosmicallyi 

7. When is a star said to rise and set adirpnically ? 

8. W hen is a star said to rise and set heliacally i 
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- % What 18 the Via Lactea, and through what con- 

* Btellations does it pass./ def, 91^ p. 32. 

10. What kind of stars are termed Nebulous f Je/. 

lU How are the stars, which have not particular 
names, distinguished on the celestial globe i def. 93, 
./»• 33. 

IX Definitions and terms common to both the globes* 

1. What is the declination of the sun, a star, or plan- 
et? def 14,/?. 5. 

2. What is a hemisphere ? def» 31,^^. 8. 

3. What is die altitude of any object in the heavens ? 
def. 45, ^. 11; ^ 

4. What li the meridian altitude of die sun, a star, 
or planet? ^ 

5. What is the zenith distance of a celestial object ? 

• def. 46,>lt. 

6. What is the polar distance of a celestial object ? 

def inn. tV^ 

y. Whatf MT the amplitude of a celestial object ? def 

48, p. 11. 

8. What Is the azimuth of a celestial object ? def 

49, /?. 11.. 

9. What is the right ascension of the sun, or of a 
star, &c. \ def 80, /. 1 9. 

10. What is the oblique ascension of the sun, or of a 
9tar, &c. f def 81, p. 30. 

11. What is the oblique descehsion of the sun, or of 
a star, &c. ? def 82, p. 20. 

12. What is the ascensional or descensional differ- 
ence i def S3jp. 20. 

X* Timef^yearSjdaySy^c. 

* 

1. What is a solar or tropical year, and what is the 
length of It i def 62,/?. 14.. 

2. What is a sideriat year, and what is its duration ? 
def. 63, p. 14. 

3. What is an astronomical day? def 58, . 13. 
4* What isameansoiarday? def 57 j p. 13. 



S^ What U« tmei wlar ctay ? </<gf. «e,/*. l?, 
6. What is an artificial d^y ? def. f9. p^ XS^ 

jr. What w a civil day i def^ $0, p. \^ 

8. What is a siderial day \ def. 61,/»* 13. 

9. What i^ 9i^«apt by apparqiit i^to^m «r flQ>piif^Bt 

10« What is true or mean noon? d^. 54* p^ \% 
11* What is the equation of time at noon? def. 55, 



XI. Astronomical and miscellaneous d^fiitian^^ ^e* 

|« What do you understand by the precession of the 
equinoxes, and in what time do they make a^ mt^^ 
iwehitjoo reaind the equinoctial i dtf. '^^^/p* II. 

9. What is the crepusculum or twilight, and Ji4u|t i$ 
the causie of it i def. M^p. SO. 

3. What is refraction, and whence does ii arVi4i^! //^ 
96^p.ftO. 

4. What is an angle of position, and in what d^e^ ll' 
dxflfer from aiieahng by toe mariner^s oompass ? def*. 
86, />. 21, and note/. 179. 

5. What Arerfaiunbs and rimmbJines? def 6f^p»fll. 

6. What are the planets, and how many bel^g tp 1 
ihe solar systeii ? defs. 94 and 95, /* d& 

7. What is Aie distinction between {tt'imary and aec^ 
ondary planets, and how many secondary [daneta belong ' 
to the solar system ? def 96, /?. 34. : . 

S. What is the orbit of a planet ? dtf 97, p. ZSi ; of 
what figure are the orbits of the planetn, ana i^what 
part of the figure h the sun placed ? /• 129« 

9. What are the nodes of a planet? def, 9i^p.QS* . 

10. What are the different aspects of the planets, ancL^ 
how many are there ? def 99? /• 34> • 

11. Wliat are the syzygies and quadratures of the . 
moon? 

12* When is a planet's motion said tp h^ d^ect, st^r 
tiongry, or retrograde ? defs. lOb, 101, and iQiJi,/. 35; 

13. What is a digit? def 103, p. 36. 

14. What is the disc ot the sun or popn? d^f 194, 
/. 36, 



15. Whit 4eM iht ^&(stmsit ihid KeKMentiic lati- 
tudes and longitudes of the planets i defs. 105 and lp6, 

16. When is a planet said to be in apogee ? d^. lO^i 
17«. When is a planet said to be in perigee \ Jt^. 109. 

1 8. What is the aphelion or highlsf ap&ii of 2i jda^fet^ 
bAitt ^. 109,/?. 36. 

1 d. Wh^t is th6 perthtlioii 6t l6i^et ^psi^ 6^ aplana^ 
6Ait? def. 110,/>. 46. 

20. What is the line of the apsides f iej, 111,/r. S& 

21. What is the eccentricity of the orbit of a planet ? 
def. 112,/?. 36. 

22. WW is tU6 elongatibn of a planet? def. 117, 

/•37. ; . . . 

S3. Whd< ^i'^i the <6ictdhatito aid tratiftit <rf a |llalltt ? 
^i^«. 113 ^tid 114,/?. 36. 

it^i What te the tAust of ah eclipse t)f lihe iduti ? def. 
115,/?. *6; 

~ ' 25. What is the cause tif to etfipse of the i&oon \ 
def llSj/?. 36. 

^. Wtiat are the nottiltftal sittd dhmial surdies de- 
itiribied b^ the hetftretdy b^iltil dtfs. lid utid il«, 
p. 37. 
* 27. Whait in the aberratiM 6f a ^tar? ate/1 120, 

28. What are the centripetal and centrifugal forces ? 
defs. 121, and I2%^p. 37. 

29. What is gravity ? rfe]^ 8, f. 43. 

30. What is the vis inertis ol a body Idef. %p. 43. 
4i • Whfit are the getieral ptx>petties of matter ? p; 42. 
92. Can matter be divided ud injimfimf p* 4i^ 

aDd43« 

3i. Wiiat in motk>ft, anil whut is the distinction be<^ 
tween absolute and relative motion f p. 44. 

34. What Ht^ Sir I. Newton's three laws of motion \ 
p. 44 said 45. 

M. Whait is etMx^ound m6tiofi ? p. 4K. 
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XII* The soiar system and the hun* « 

1. What is the solar system, and why is it so called? 
p. 124. 

2. What part of the solar system is called the centre 
of the world i p. 125. 

3 Does not the sun revolve on its axis, and what 
other motion has it? 

4. Of what shape is the sun, how far is it from the 
earth, and what are its diameter and magnitude i 

5. What is the comparative magnitude between the 
sun and the earth .^ p. 126. 

XIIL Of Mercury. 

1. What is the length of Mercury's year? p, 12f/ 
9* What is the greatest elongation of Mercury I 

. 3* What is the distance of Mercury frpm the sun? 

4. What is the diameter of Mercury t y 128. 

5. What is the comparative magnitude between Mer- 
cury and the t arth ? • 

. 6. What is the comparison between the light and 
heat which Mercury receives from the sun, and the 
light and heat which the earth receives i 

7. At what ra^e per hour are the inhabitants of Mer^ 
cury (if any) carried round the sun^ p. l^H and 1;&9* 

XIV. Of Venus. 

1* When is. Venus an evening sfar, and in .wJiat 
situation is she a morni.ig star I / • 1x9. 

2. How long is Venus a morning star f p. 129. 

3. In how many days does Venus revolve round the 
aun ? 

4. The last transit of Venus over the sun's disc hap- 
pened in 1769, when will the next transit .happen I 

5. What is the opinion of Ut. Herschel respecting 
the mountains in Venus .^ 

6. What is the opinion of M« Schroeter on the same 
subject^ p* 139, in thenoie. 

7. W^hat is the greatest elongation of Venus ? p. 130. 
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8. What is the diameter 6f Veims I p. 1 30, 

9. What is the magnitude of Venus? 

«5 -10, -WJiat i? the distance of Venus from the^un? 

11. What is the comparison between the light and 
beat which Venus receives from the sun, and the light 
and heat which the earth receives i 
^, 12. At what rate per hour does Venus move round 
^e sun? 

... > ■ ■ * 

XV, Of the Earth. . 

* 1. What is the figuire of ifie eai-th V p. 51. 

2 Why is the earth represented by a globe ? p: 57* 
Z. What proofs have we that the eardi is globultu*? 

p. S'Z and 53. 

4. What would be the elevation 'of Chimboraco, 'the 
hig[hest of the Andes mountains, oa an artificial globe 
of 18 inches diameter? p. 53. 

5. What is a spheroid, and how is it generated f 

6* What 18 the difference between the polar and 
equatorial diameters of the earth ? p. 54. 
t* What is the length of a degree ? 

8. What is the use of finding the length of a degree^ 
ana how can the magnitude of the earth be determined 
"thereby? p. 55/ . 

9. Who'was the first person who measured the length 
6f a degree with tolerable accuracy ? 

10. What is the length' of a degree according to the 
French admeasurement ? note^ p. 56. 

11 In what time does the earth revolve on its axis 
from west to east ? p. 6s. 

13. What is the diameter of the earth ; what is its 
•circumference, *and how are they determined? p. 56, 

and note. 

13 What proofs can you give of the diurnal motion 
df the earth?" p^ 5&. ' 

14. How do you explain the phenomena of the appa*» 
yent diurtial ioiotion of the sun ? p. 59. 

15. What proofs can you give of the annual motiQU 
of the earth? /?. 60* 

16. What is the distance of the earth from the ^uUi 
and how is it calculated ? /». 61 , and note. 
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17. At what rate per boor do^ tjlmi f»0^ toprel 
round the aun .^ 

18^ At what rate.per hour are.the inhabitants oC the 
equator carried from west to east by the revolution of 
the earth on its axis ? fi. 63. 

19. How do you eiq^lain the motion of the earth 
round the sun i p*6^ 

20. How do you illustrate the phenomena of ^ 
ferent seasons of the year } p.b^ 



XVI, Cf the Moon. 

t. How many kinds of lunar months are ihete ? 
p. 132. 

2. What is a periodical month? 

3. What is a synodical month ? 

4. When b the eccentricity of the moon's eBiptical 
orbit the greaeest? /&. 132. J \ .. \l 

' 5. When is the eccentricity of the moon's elliptical 
orbit the least? /• 133. 

6. Whether does the moden of the. moon's nodes 
^Dow, oi^ recede from the order of the signs? - 
* f » In how many years do tlie moon's nodes form a 
complete revolution round the ecliptic? 

8. In what space of time does the moon turn on ker 
axis r 

9. What is the libration of the moon i p. 133. ^ 

10. Is the path of die moon convex, or concave tor 
wards the sun ? 

11. Please to explain the diflSereiit phases of the 
moon ? p, island 155. 

. .12.^ What point on the earth has a fiortQight'smoon^ 
light and a formiglit's darkness, alternately ? p» 136^ 
itnd 197. 

13. What is the moon^s mean horizontal parallas^ 
anfl at what distance is she from the e^th ? p. 1S6. . 

14» What is the magnitude of the moon when comi< 
pared with that of the earth ? 

15. How many miles is the moon in diameter? 

16« In how many days does the moon perform her 
revolution round the earth, a^d at what rate, does she 
travel per hour ? ^ . , 



ow^iemt Mtwntatry III: 

': Hf, IbivlMI iwoier l»ve afttromnners desci^d Ihe 
different spots on the moon's surface i p* 138. 
: i8. Have not astronomers discovered vdkaildest 
tttoontiilis^ ^Ci in the mt>0Q i /. IdB tmd 139. 

XVII. Of Man. 

^. What is the general appearance of Mars? p. 140, 

S. In what time does Mars revolve on his axis ? 

d. In what time does Maers perform his revolution 

round the sun, and at what rate does he travel per hour f 

/• 141. 

' 4. How far is Mars distant from the sun ? 

5. How many miles is Mars in diameter i ' 

6. What is the eomparadv^maipiitude between Mars 
and the earth! 

XVIII. Of CereSj PaUagf Juna^ and Vesta. 

1. When and by whom was the planet or Asteroid 
Ceres discovered ? >• 142. 

2. How many miles is Ceres in diameter i 

3. What is the distance of Ceres from the sun, and 
what is the length of her year ? 

4. When imd by whom was Pallas discovered ? 

5. What is the diameter of Pallas in English miles ? 

6. Who discovered the Asteroid Juno f 
^ 7m By whom was Vesta discovered? 

■ 

XIX* Of yupiter^ yc. 

1« In what situation is Jupiter a morning star, and 
iid what situation is he an evening star ? ^•143. ' 

2. In what time does Jupiter revolve on his axis ? 

3. What are Jupiter's belts ? 

4. In what time does Jupiter perform his revolution 
round the sun, and at what rate per hour does he travel ^ 
p.l4A 

5. What is the distance of Jupiter from the sun ? 

6. What is the diameter of Jupiter in English miles? 

7. What is the comparative magnitude between Ju- 
piter and the earth i 
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8. What is the compariBon bet^reen thcKlight and 
heat which Jupiter receiver ivom the sun^ and the lieht 
and heat which the earth receives i 

9. How many satellites is Jupiter attended by i pS" 
145. 

10. By whom w^re the f^ateilites of Jupiter discDV>^ 
crcd? 

t|. In what time do the respective satellites perform^ 
their revolutions round Jupiter? p. 144f» . 

12* In what i|ianner are the longitudes of places.de* 
tei'mined by the satfsUites of Jupiter ? 

13. Please to explain the configuration of the satel« 
lites of Jupiter, as given in the 12th page of the nautical 
almanac, /r. 146 and 147« 

14. How was the progressive motion of light dis^* 
tfovered? /»• 147. 

3fX. Of Saturn^ £sPc. 

1. What is the appearance of Saturn when viewed 
through a telescope f p* 148* 

2. In what time does Saturp perform*his revolution 
round th^ sup, ai^d at what rate does he travel per 
hour ? 

3. What is the distance of Saturn from the sun f 

4* How m^ny English miles is Saturn in diameter^ 
and what is h^s magnitude compared with that of ^e 
earth ? p. 140. 

5. What is the comparison between the light and 
heat which Saturn receives from the sun, and the light 
$nd heat which the earth receives ? 

6. In what time does Saturn revolve on his axis f 

7* How many moons is Saturn attended by, and by 
whom were they discovered ? 

8. Pray is not the 7th satellite the nearest to Saturn, 
imd if so, why was it not called the first satellite ? p. 1 49^ 

9. What is the ring of Saturn, and how may it be 
represented by the globe f p. 150. 

10. By whom was the ring of Saturn discovered f 

11. In what time does the ring of Saturn r^volye 
ro^nd the axis of Satnrn i 
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XXI. Of the Georgian Planet^ ^e. 

f. When and by whom was the Georgian planet dis<* 
i;0v ered I p^lSX . 

'2. What is the appearance of the Georgian %vheii 
f^iewed through a telescope ? /»• 151. 

3. In what time does the Georgian planet revolve 
VDund the sun, and at what rate per hout does it trav- 
el: p. 152. 

4. What is the comparative magnitude between the 
Georgian planet and the earth i 

$• How many satellites belong to the Georgian ? 
\ §• By whom were the satellites of the Georgian dis- 
covered^ and in what order do they perform their revo- 
lutions round the planet? p. 154. 

K. B The tutor may extend these quettioiu to. Chap. V, VI, VII^ 
IK andX. Fart I and to Chap. IX, Fart Hi aUo to the manner ^ 
Aoiving the different problemf^ Cro, 
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CHAPTER III. 



> V, 



J, Table of the Latitudes and Longitudes of some ofUte 
Pnnci al Places in the Worlds with the Countries m 
which they are situated.-^N* B. The Longitiuks d^e 
reckoned from Greenwich Observatory. 



A. 

Jfamu ofFlaeei- Cmaarj wr Sim. 



Aberdeen 

Abo 

Ac«pulco 

Achen 

Adrianople 

Adventure Bay 

Air 

Aix 

Akerman 

Atdemey I. 

Aleppo 

AlcixandretU 

Ale^iindria 

Algiers 

Alicant 

Ainboyna I. 

Amiens 

Amsterdam 

Amsterdam I. 

Aiicona 

St. Andrews 

Angers 

Angouleme 

Angra 

Annapolis 

Antlbes 

Antwerp 

Archangel 

Arr&n I. 

Ascension L 

Astracan 

Athens 

St. Augustine 

St Augustine 

Cape St. Augustine 

Ava 

Cape Ava 

A^'ingnon 

Avranohes 



France 

Scotland 

Sweden 

Mexico 

Sumatra I. 

Xiirkey 

New Holland 

Hindoostan 

Scotland 

France 

Turkey 

English Channel 

Syria 

Syria 

Africa 

Spain 

Moluccas 

France 

Holland 

Pacific Ocean 

Italy 

Scotland 

France 

France 

Tercera Azore I. 

Nova Scotia 

France 

Netherlands 

Russ^ 

Scotland 

S. Atlantic 

Russia 

furkey Europe 

Madagascar I. 

East Florida 

Brazil 

Asia 

Japan 

France 

Ftance 






4<t 7 
57 9 
60 27 
17 10 
S «2 

41 10 

43 n 
26 43 

54 25 
43 32 

46 25 
49 48 

35 45 
i6 35 
31 13 

36 49 
38 21 

4 25 
49 53 
52 22 
21 9 

43 38 
56 21 

47 28 

45 39 
38 39 

44 52 
43 3^ 
51 13 
64 34 

55 39 

7 76 

46 21 
38 5 
23 S5 
30 10 

8 48 
21 30 
34 45 
43 57 

48 41 



N. 
N. 
N. 



1 

2 

22 



K. 101 

N. 95 

N. 26 

S. a47 

N. 76 



N. 

N. 

N. 

N. 

N. 

N. 

N 

N. 

N. 



N. 

S. 

N. 

n: 

M. 

N. 

N. 

N. 

N. 

N. 

N. 

N. 

S. 

N. 

N. 

S. 

N. 

S. 

N. 



4 
5 

30 
2 

37 

36 

29 

2 





49».- 
28 V^ 

13 E. , 
4$ Wi 

4a£.. 

30. K.. 
44 E^ 
26 W. 
26 £. 
£. 
15 W. 
.20 BU) 

14 K. • 
55 £. , 



U 
30 



N. 127 
N 2 



4 

174 

13 

2 





27 

64 

7 

4 

38 
5 
14 
48 
23 
43 
81 
35 
96 



33 
9 

12 
5 
7 



N. 140 
N; 4 
N. 1 



E- 
W.. 

20 E. . 
18 E. ^ 
51E.„ 
46 W. 
30 E. 
49 W. 

£. 

w. 

£. 
23 E. 
58 E. 
12 W. 

21 W, 
8 £. 

52 £. 

8 £. 
34 W. 

5 W. 

£. 
55 E. 
48 E. 

22 W. 



UHffllOTOM ^9 VlUieSf. 



Ut 



B. 



Itamfi dfPlacii* Country or Sea. 



BibelauMdel Straits 

Bi^ylon (Ancient) 

B*gdHt 

Balasore 

Baltimoro 

Bancal. (SouthEnd) 

Banda I. 

Banff 

Bantiy Bay 

Barbadoes I. (Bridge 

town) 
Barcelona 
Basil 

Basse Terre 
Bastia 
Batam 
Bayonne 

Bussoraof Bassora 
Beacby Head 
Belfast 
Belgrade 
Bencooleii 
Bergen 
Berwick ' 
BesancoQ 
Bilhoa 

Blanco (Cape) 
Bbis 
Bologna 
Bombay I. 
Boston 
Botany Bay - 
Boulogne 
Bourt^n L 
Bordeaux 
Bremen 
Breslaw 
Brest 

Brid1ing»Bw 
Brighthelmstone 
Bristol 
Brunswick 
Brussels 
Buccoristi 
Bada 

Buenos Ayres 
Burgos 



Cadis or Cales 
Caen ... 



Red Sea 

Syria 

Syria 

iiindoostan 

Ireland 

Indian Ocean 

Indian Ocean 

Scotland 

Ireland 

'Caribb. Sea. 

Spain 

Switaeriand 
6aadaloupe 
Corsica 
Java I. 
France 
Turkey 
Sussex 
Ireland 
Turkey 
Sumatra I. 
Norway 
Upon Tweed 
France . 
Sipain 
Africa 
France 
Italy 
India 
America 
New Holland 
France 
Indian Ocean 
France 
Germany 
Silesia 
France 
"Torkshifle 
Sussex 
"England 
Germany 
Netherlands 
Turkey 
Hungary 
S. America 
^pain 



c. 



Spain 
Fxance 



Latitudes. 

12 50 N. 

33 N. 

33 20 N. 
21 20 N. 
51 16 N. 

3 15 S. 

4 30 N, 
57 41 N. 
51 26 N. 

13 N. 

41 23 N. 
47 35 N. 
15 59 N. 

42 42 N. 
6 11 S. 

43 29 N. 
30 45 N. 
50 44 N. 
54 4^) N. 
45 N. 

3 49 S. 
60 24 N. 
$S 47 N. 

47 14 N. 

43 26 N. 
20 55 N. 
37 35 N. 

44 29 N. 

iiB sr N. 

42 '25 N. 

34 S. 

50 43 N. 
20 52 S. 
44 50 N. 
53 5 N. 

51 3 N. 

48 23 N. 

54 r N. 

50 50 N. 
M 28 N. 

52 30 N. 
50 51 N. 
44 27 N. 
47 40 N. 
34 35 S. 
42 20 N. 



S6 31 N. 
49 11 N. 



LongHttdee. 

o / 

43 45 Z^ . 
42 46 £. 

44 24 E. 
86 £. 
9 30 W. 

107 10 £. 
127 25 E. 
2 31 W* 
10 10 W«. 

59 50 W. 

2 irE.* 

7 29 E. 

61 54 W. 

9 25 E. 

106 52 £. 

30 W. 

E. 



1 

47 



5 
21 30 



20 E. 

57 w; 



£. 
102 10 £. 

5 20 E. 

2 5 W, 

6 3 E. 

3 23 W. 
17 10 W, 

1 20 K. 
11 21 K. 
72 38 E. 
70 37 W., 

151 23 E. 

l' 47 E. 

55 30 E. 

35 w; 

8 39S. 
17 9 E. 

4 29 W. 
1 W, 
5 W, 

2 35 W, 
10 2i £. 

4 22 £. 
36 8 E. 
19 20 E. 
58 31 W. 

3 30 W. 



6 12 W. 
23 W> 



3AS 



T0B -LifBiTirDst .Ain^:. 



Namti ^tlacm* Country or Sea^ 



ZtW^iincid 



Cairo 

Calais 

Calcutta 

Calmar ' 

CiMnbrar 

Cambridge 



Sardinia I. 

Egypt 

France 

Bengpd 

Sweden 

Netherlands 

England 



Caimry 1. (KX.poiQt) Atlantic 



CaiKlia 

Canterbury 

Canton 

Carlscrona 

Cartlmgena . 

Carthiigena 

Cassel 

Cavan 

Cayenne 

CUandernagore 

Cliartres 

Ctaerbourgh 

Christiana 

Christmas Sound 



Candy I. 

England < 

China 

Sweden 

Spain 

Terra Firma 

Germany 

Ireland 

I. of Cayenne 

Uindoostan 

France 

France 

Norway 

Terra del Fuego 



St. Christopher's I. Caribb. Sea 



Civita Vecchia 

Clermont 

Cochin 

Colmar 

Cologne 

Comorin (Cape) 

Constantinople 

Copenhagen 

Cork 

Corvo 

Coutaaces 

Cracow 

Cromarde 

St. Cruz I. 

Cusco 



Dantzic 

Dardanelles* Straits 

Dartmouth 

Delhi 

Deseada I. 

S. Dennis 

Dieppe 

Dingle Bay 

St. Domingo 

Dort 

Douglas 

Dover 

Drontheim 



Italy 

France 

India 

France 

Germany 

India 

Turkey 

Denmark 

Ireland 

Azores 

France 

Poland 

Scotland 

Atlantic Ocean 

Peru 

D. 

Poland 
Turkey 
England 
Hindoostan 
Caribb. Sea 
Isle Bourbon 
France 
Ireland 
Carribb. Sea 
United Province 
Isle of Man 
England 
Norway 



39 25 N* 
30 3 N. 
50 S7 N. 
22 35 K. 
56 40 N. 

50 10 N. 
52 12 ^, 
28 13 N. 
35 19 N. 

51 18 N. 
33 8 N. 

56 20 N. 
37 37 N. 
10 27 N. 
51 19 N. 

54 52 N. 
4 56 N. 

22 51 N. 

48 27 N. 

49 38 N. 
59 55 K. 

55 22 S. 
17 15 N. 
42 5 N. 
45 47 N. 

9 33 N. 

48 5 N 

50 55 N. 
T 56 N. 

41 1 N. 
55 41 N. 

51 54 N. 
39 42 N. 

49 1 N. 
49 59 N. 

57 43 N. 
17 49 N. 
12 25 S. 



94 ^£iQ N» 

40 10 N. 

50 21 N. 
28 37 N. 
16 36 N. 
20 52 S. 
49 55 N. 

51 55 N. 
18 20 N. 
51 47 N 
54 7 N. 
51 8 N. 
63 26 N. 



9 ^SE^ 
31 21 t. ' 

1 51 E. 

,88 29 E* 

16 22 E. 

3 13 E. 

4£. 

15 39 w; 

25 18 El 

1 5 £. 

iia 2 £. 

15 26 £. 

1 8 W. 
75 27 W^ 

9 35 £. 

7 2j W, 

3 41 E. ? 
88 29 E. * 

1'29E:- 

I 37 W.' 

10 48 Er 

70 3 w: 

62 43 W, 
It 44 E. 
,3 5 £- 
75 35 £.' 

7 2f E. 

6 55 £< 
78 5E 
28 54 £. 
12 35 £. ^ 

8 28 W: 
31 6 W. 

1 27 %^: 

19 50 £. 

4 9 W. 
64 53 W. 
73 35 W. 



'IB 34 E. 
26 26 E. 

3 42 vr. 

77 40 E. 
61 10 W. 
55 30 E. 

1 4 E. 
10 40 W. 
69 46 W. 

4 35 E. 

4 38 W. 

1 18 £. 
U> 22 £. 












D^nbar 
Di^ndee 
Piuigaryoii 

Dunkirk 
Durham 



Ireland 

Scotland 

Scotland 

Ireland 

England 

France 

England 

'turkey 



J3 21 K. 

56 I N. 
S6 28 N. 
52 N. 

50 52 N. 

51 2 N. 
54 44 N. 
41 58 N. 



Mr* 



6 « 

2 33 
2 58 
r 50 

2 22 E. 
1 15 
25 



£. 



E« 



Aatt .Qa^e 

iiddystone Uf^hthouBe 
^diniyurgli 
Ellnng 

tMit»ore 
mbden 
Embrun 
£pheaa» 
|^2erum 
EustratU 
BweiUL 



F4r Ijlaii4 

Falmouth 

False Bay 

Farewell (Cape) 

Fftyal Town 

Fern Island 

FMrara 

Ferro Island (Town 

Ferrol 

Fim8terrB:(Cape) 

FUmborough Head 

Florence . 

Flores 

Florida (Cape) 

Flushini^ 

V. Foreland 

Fd!rtaTe«tura (W. 

point) 
F«rtrose 
Foulness 
France (Isle of) 
Fi^ncoit (Cape) 
Francfort (on the 

Main^ 
Funcha! 
Fomeaux Island 



Kew Zealand 

England 

Scotland 

Foland 

Denmark 

Germany 

JFrance 

Turkey in Asia 

Turkey in Asia 

Caribb. Sea 

France 

England 

F. 

Orkney Islands 
England 

Cape of Good Hope 
Greenland 
Azore Islands 
England 
Italy 
) Canary lilift 
Spain 
Spain 
England 
Italy 

Azore Islands 
S. America 
United Pn^nces 
England 

\ Canary Isles 

Scotland 
England 
Indian Ocean 
St. Domingo 

] Germany 



3? 42 
50 '8 



56 5$ N. 


54 1« N. 


56 2 N. 


53 12 N. 


44 34 N. 


38 N. 


Id 56 N. 


^ 30 N. 


49 1 N* 


50 44 N. 


59 30 K< 


50 8 N. 


34 10 S. 


59 30 N. 


^8 32 N. 


55 38 N. 


44 50 N. 


27 47 N. 


43 29 N. 


42 52 N. 


54 11 N. 


43 46 N. 


39 34 N. 


25 47 N. 


51 27 N. 


51 25 N. 



S. 174 

K. 4 
3 
20 
12 
7 
6 
27 
48 
63 
1 
3 



30 W. 
24 W. 
12 W* 

35 E. 
37 E. 
16 E« 
29 E. 
53 E* 
35 E. 
14 W. 
9 E. 
34 W. 



1 46 W, 
5 2 W. 

18 33 E. 
42 42 W, 
28 41 W, 
1 44 W. 
11 36 E. 
17 4(5 W, 

8 15 W» 

9 17 W. 

19 E. 
11 2 *E. 
31 W. 
90 35 W. 

3 33 E. 

1 28 £. 

28 4 N. 14 31 W* 



57 40 N. 
52 57 N. 
20 27 S. 
19 46 N. 



4 7 W. 

53 E. 
57 16 E. 
72 18 W» 



I. of Madeira 
Society Isles 
V V 



49 55 N. 8 35 E. 

32 38 N. 17 6 W. 
17 11 S. 143 7 W. 



dM 



TMB xATtTVoes tmu 



G. 



Jihme* cfPl90U> Cpumry or S$a^ 






dap 

GeneTt 

Genoa 

^t George Town 

Fort St. George 

Ghent 

Gibraltar 

Glasgow 

Goal. 

Gomera I.' 

Good Hope (Ciipe) 

Goree I. 

Gottenburgh 

Ootttngen (Obaer.) 

Granville 

Graciosa 

Grayelineia 

Gratz 

Gravesend 

Greenwieh (Obs.) 

Guadaloi;pe 

Guernsey 



Haerirm ' 

Hague 

Halifax 

Hamburgli 

llano ver 

Harwich 

Hatteras (Cape) 

Havre de Grade 

Havannah 

$t Helena (James 

Town) 
Hervey's I. 
La Hogtie (Cape) 
Holyhead 
Horn (Cape) 
Hull 



Jackson (Port) 

Jaffa 

Jackiitskoi 
Janerio (Rio) 
Jassy 

Java Heajl 
Jed do 
jerusaleto 



} 



France 

Ireland 

3witz»UBd 

lulj 

Bermudas L 

6r Madras 

Netherlands 

Spain 

Scotland 

Malabar Coast 

Canary Isles 

Africa 

Africa 

Sweden 

Germany 

France 

Azore Islands 

France 

Germany. 

England 

England . 

Caribb. I. 

fingliah Channel 

United Prov. 
United Fr»v. 
Nova Scotia 
Germany 
Germany 
England 
N. America 
France 
isle of Cu^a 

Atlantic 



Society Isles 

France 

Wales 

S. America 

England 

I & J, 

New Holland 
Syria 
Siberia 
Brazil 
Turkey 
I. of Java 
Isleof Japan 
Syria 



'44 33 

53 10 
46 U 
44 35 
32 32 
5 
3 
5 



N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
N. 
S. 



13 
51 

36 

SS 52 
15 31 

38 6 
34 29 

14 10 TT, 
5? 42 N. 
51 32 N. 

48 50 N. 

39 2 N. 

50 59 N. 
47 4 N. 

51 28 N. 
51 39 N- 

15 59 N. 

49 30 N. 



52 22 K 

52 4 N. 
44 46 K. 

53 34 N. 
52 22 N. 
52 11 N. 
35 12 N. 
49 29 N. 
23 12 N. 



. / 

^6 5 1. 

\b 1 w- 

6 £• 

8 ?6 £. 
64 33 W. 
80 29 £. 

3 44 £. 

5 22 W, 

4 15 W. 
rS 45 £. 

17 8 vr. 

18 23 £. 
IT 25 W. 
11 39 £. 

9 53 E. 

1 37 v. 
27 58 Vr. 

2 7 E. 
15 26 £. 

20 £. 

61 59 W. 

3 52W. 



4 36S. 

4 17 % 
63 37 W. 

9 SS £. 

9^48 E. 

\ 13 fi. 
76 5 W. 

6 E. 
82 18 W. 



15 55 s. 5 49 yr. 



19 17 S. 
49 45 N. 
53 23 K. 
55 58 S. 

5:^ 48 N. 



33 52 S. 
32 5 N. 
62 1 N. 
22 54 S. 
47 8l*. 
6 49 S. 
36 N. 
TA 46 N. 



158 48 Mr. 

1 57 \^. 

4 45^. 

67 26-S^. 

33 W. 



151 19 lE. 

35 10 E. 
129 48 £. 
42 44 W. 

^ 30 E.. 
105 14 £. 
139 40 £ 

35 20 £ 



zcmnvmoM 6t fiAcxs. 



$M 



yamei^fiaeei' - 


Country or Sem* 


Latitude*, 

o f 


Longifudet, 
o / 


'•MS^*- jKnglid^Cluumel 


49 13 K. 


2 12 w! 


Ini^Utadt 


9 

Germany 
Scotland 


48 46 N. 


11 22 E. 


Inverneai 


S7 36 N. 


4 15W. 


Joannah 


Comora Isles 


13 5 S. 


45 40 E« 


St. John's 


Mev/foundland 


47 32 K 


52 26W. 


St. Joseph's 


California 


23 4 N. 


109 42 W. 


Islamabad 


Hindoost|i|i 


22 20 N. 


91 45 £. 


Ispahan 
Jodda, or Gidda 


Pwsia ' 
Afiibia 


32 25 K. 
21 29 N. 


52 5QE. 
39 22 E. 


St. JuHan (Port) 


Patagonia 


49 10 S. 


68 44W. 


Juan Eernandez 


Pacific Ocean 
Siberia 


33 45 S. 


78 37W. 


Kamtschatkn 


56 20 N. 


• 

163 E. 


St. Kilda 


Hebrides 


57 47 K 


8 40 W. 


Kinsale 


Ireland 


51 32 N. 


8 50 W. 


Kiow 


Russia 


50 27 N. 


30 27 E. 


Kola 


Lapland 


68 52 N. 


33 1 E. 


Koningsber^ 


Ihrussia 


54 43N. 


3135 E. 


Ladrone I.* (Gumn) 


Pacific Oecaa 


K 10 N. 


149 15 B. 


Xandau 


France 


49 11 N. 


8 7 £• 


Xassa 


. Thibet 


30 12 N. 


91 20 E. 


I^andscroon 


Sweden 


S$ 52 N. 


12 50 E. 


Land's End 


England 


50 6 N. 


5 54 W.> 


:L«usanne 


Switzerland 


46 31 N- 


6 45 E, 


JLeeds 


England 
Italy 


53 48K. 


1 34 W. 


Leffhorn 


43 33 N. 


10 16 E. 


I^th 


Scotland 


5^ ON. 


3 11 £. 


Leipsic 


Germany 
United ProT. 


51 19 N. 


12 20 E. 


JLej^en 


52 8 N. 


4 28 E. 


Lerwick or Leerwick Shetland Islet 


60 13 N. 


55 W. 


Liege 


Netherlands 


50 37N. 


5 35 E. 


Lima 


Peru 


12 1 S. 


76 49 W, 


Lime ride 


Ireland 


52 22 N. 


9 53 W. 


Limoge* 


France 


45 50 N. 


1 16 E. 


Lintz 


Germany 


48 16 N. 


13 57 £. 


LUle 


Netherlands 


. 50 38 N. 


3 4 E. 


Lisbon 


Portugal 


38 40 N. 


9 10 W. 


Liverpool 


England 


53 24 N. 


5 12 W. 


Lizard 


England 


49 57 N. 


5 21 W. 


L6ndon(StPaiiPs) 


England 

I. of Cape Breton 


51 31 N. 


6 W. 


Louisbourg 


45 54 N. 


59 54 W. 


Louyain 


Netherlands 


50 53 N. 


4 44 E. 


St. Lucia 


Carihb. Sea 


13 24 N. 


60 51 W. 


Lunden 


Sweden 


as 42 N. 


13 12 E. 


LuneviUe 


France 


48S5K 


6 30 E. 


LuxembfHirgli 


Netherlands 


49 37 N. 


6 12 E. 


Lynn 


England 


52 45 N. 


Q 23 E. 


Lyons 


Franco 


41 56 N. 


4 49 B. 



i 

I 



•-., 



Ma 



?fHC SATttmstrAlHY 



M. • 

2fame» 9f Plae§i» Country or Setw Latitude** LMf^tuden, 



o / 



MACMO China 

BfAcaMtr I of Celebes 
Maaeria L (Fiin«lua)AtUnUe 

Midnst India 

Madrid Spain 

M»hon(Port) Minorca 

NUjorca L Mediterraneaa 

Malacca . India 

Malines, or Michlb Netherianda 



Kt. Mab 

Mamiila ' 

Mlrigaliilte 1/ ' 

Maneillet 

Martinieo 

If ayence t>r Mcnta 

Mayo I. 

Mecca 

Mexico 

Milan 

Mtnorda * 

Mocha 

Modena ^ 

Montpellief 

M»*itreal 

Moscoi;^ 

Munich 



France 

Mediterranean 

Philippine ir. 

Caribb. Sea 

France 

Caribb. Sea 

Germany 

Cape Verd I. 

Arabia 

America 

Italy 

MeditemMwan 

Arabia 

Italy 

France 

Canada 

Itussia 

Germany 

N. 



Namiir 
Na»cjf 

^ankm 

Nantz 

J^aplef 

Jiarbonae 

Ndze . 

l>fewcastle Upon 

Niagara 

I^ice 

Kieuport 

I^ismes 

Korfolk I. 

North Cape 

Nuremberg 



Ockzakow 

Oelandl (S.End) 
Oleron I. 
St. 0:ner 
Op'>rto 
OrbiteU^ 



Netherianda 
France 
China 
France 
Italy 
France 
Norway 
TyneEngland 
Canada 
France 
Flanders 
France 
M. Holland 
Lftpiaad « 
Germany 

o. 

Russia 

Sweden 

France 

Netherlands 

Portugal 

Italy 



32 

5 

S2 

AS 

io 

39 

39 

2 

^1 

35 
14 

43 
U 
49 
15 

?1 
19 
45 
d9 
13 
44 
43 
45 
55 
48 



13 N. 
9 S. 

38 N 
5N. 

25 N. 
5t,N- 
ZS N. 
12 N 

2.N. 

39 N- 

54 N. 

36 N. 

55 N. 
18 N. 
44 N. 
54 N. 
ION. 

40 N. 

26 N. 
28 N. 
51 N. 
44 N. 
34 N. 

37 N. 
50 N. 
46 N. 
ION. 



40 28 N. 

48 42 N. 
32 5 N 
47 13 N. 
40 50 N. 
43 11 N. 
*r 58 N. 
55 3 N. 
43 4 N. 
43 42 N. 
51 8 N. 
43 50 N- 
29 % S. 
71 30 N. 

49 27 N. 



*- 



45 12 N. 
i6 15 N. 

46 3 N. 

50 45 N. 

41 10 N. 

42 32 N. 



lU 46 Z.' 

119 49 E« 
vr 6 W, 

W29 S. 
i 3 12 W. 

3 48 fi. 
2 30 K« 

102 .5 £« 

4 29 E^ 

2 Xn, 
14 28 £. 

120 5:i £. 
61 11 W« 

5 22 £. 
6121 Wt 

8 20 Z^ 

23 5 w; 

41 £. 

100 6 vr. 

9 12 E. 

3 54 C 
44 4 £. 

11 12 £^ 
3 53 E^ 

'73 nw, 

37 33 E. 
11 30 1$. < 



4.46 £. 

6 10 E« 
118 46 £« 

1 34 W- 
14 17 E. 

3 £« 

130 m 

79 6 W. 

7 17 E« 

2 4i £« 

4 19 £« 
168 10 E. 

25 57 £. 
11 4 £• 



34 40 £. 
18 35 £. 

1 25 vr- 

2 15 E. 
8 2^ W. 
1« 7 £^ 






/ 



,7 



4(»^x# 



tiet or 9X.Aei9B. 



MV 



4Amir» ^ iVkOBt. Cwtntry or Sem. 

Orleans (New) Louisianna 

Ortegal (Cape) Spain 

t)anabui|^ I. Society li. 

Oitieitd Netherlands 

t>'why'hee (N. end) Sandwich Is. 

Oxford (Observ.) £ngUnd 



Fadua 
Palermo 
J^almaL 
Panama 
Paria (Obser.) 
Tegu 
Pekin 
Peri^^ueux 
Perpig^nan 
Peterhead 
Petersburg 
Philadelphia 
Pico 1. 
Pisa 

Plymouth 
Poiitiers 
Pondiclierry 
Tort Glasgow 
P<irtland iight4l0ttse 
'Porto Bello 
Port Royal 
Portsmouth 
Prayue 
"Presburjf 
Pix)vidence 



Quebec 
Qiieda 
Qiiimper 
St. '^ninttn 
<iuipo4 (Cape) 
Quito 



RaniheaA 

Ramsby 

Ramsgttte 

Ravenna 

Rennes 

Rhcims 

Rhodes (I. of) 

Rhode Island 

Higa 

Rochellft 



Italy 

Sicily 

Canary Islands 

Mexico 

France 

India 

China 

Prance 

France 

Scotland 

Russia 

America 

Azore Is. 

Italy 

£ngland 

France 

Indi% 

Scotland - 

England 

America 

Jamaica 

England 

Bohemia 

Hungary 

America 

Q. 

Canada 

Malacca 

France 

France 

New Hebrides 

Peru 

Cornwall 

Isle of M«a 

England 

Italy 

France 

France 

Archipelago 

America 

Russia 

France 



JLaxitudtf* Longitmde^ 



29 58 N. 
43. 46 N 

17 52 S. 
51 U N. 

18 54 N. 
51 45 N. 



45 14 N. 

58 10 N. 
«8 37 N. 

8 48 N. 
48 50 N. 

17 N. 
39i 54 N. 

45 11 N. 

42 42 N. 
S7 32 N. 

59 56 N. 
39 57 N. 
'38 ^9 N. 

43 43 N. 
50 2Z N. 

46 35 N. 
11 42 N. 
55 '56 N. 

50 31 N. 

9 33 N. 

18 N. 
SO 47 N. 
50 5 N. 

8 N. 



48 

41 51 N. 



46 S5 N. 

6 15 N. 

47 58 N. 
49 51 N. 
14 56 S. 

13 S. 



89 59 W* 

7 39 W* 

148- 6 VV. 

I 56 E. 

155 45 W 

1 15 W 



11 52 E, 

13 43 E. 
17 50 W. 
80 21 W, 

2 20 £. 

96 58 E. 

116 27 E. 

43 £• 
2 54 E. 

1 46 W. 
30 19 E. 
TS 13 W, 
28 26 VV. 
10 23 E. 

4 16 W; 

21 E. 
79 53 E. 

4 38 W. 

2 27 W. 
79 50 W:. 

76 45 W, 

1 6W. 

14 24 E. 
17 33 E. 
71 26 W« 

69 53 W. 
100 12 E. 
4 7W 

3 17 E. 
167 iO £.. 

77 BSW 



50 19 N. 
54 17 N. 

51 20 N. 
44 25 N. 

48 7 N. 

49 15 N. 
35 27 N. 
41 28 N. 
57 5 N. 
46 9 N. 



4 20 W. 

4 26 W. 

1 '24 E. 
12 10 £. 

1 A'i W. 

4 2 E. 
28 45 £. 
71 30 W. 
25 5 £. 

1 low. 



SMI 



THE I.A,TnVI»E» MD 



UmmnofJ^aof. 


CowKrr ^ Sem* 


XotflHtfet. 

o / 






England 


51 26 N. 


30 B. 


Rome 


Italy 


41 64 N. 


12 29 E. 


Bothsty 
Rotterdtm 


Isle of Bote 


SS 50 N. 


5 17 W. 


United Prov. 


51 56 N, 


4 28 £. 


KOUCQ 


France 


49 ^7 N. 


1 5 W. 


Rugea L 


Baltic 


54 32 N. 


14 30 £. 


Rjc 


England 

s. 

Italy 


50 55 N. 


44E. 


Salemo 


40 39 N.. 


14 48 £. 


Salisbury 


En^aad 


51 4N. 


1 47 W. 


Sail I. 


Cape Verd Is. 


16 38 N. 


22 5^ VV- 


SaUe 


Morocco 


24 10 N. 


6 43 W- 


SMwana 


St Domingo 


19 15 N. 


69 16 W. 


Sunarcvid 


W.Tartary 


39 45 N. 


63 20 E. 


Sunosl. 


Archipelago 


37 46 N. 


27 13 £.- 


SanUCrus 


Teneriffe 


28 27 K. 


16 16 W. 


Swidwich 


England 


51 19 N. 


1 15 E/ 


Saratov 


Russia 


51 30 N. 


46 E/ 


Savannah 


K.America 


32 3 N. 


U 24 W. 


Scanderoon 


Syria 


36 35 N. 


36 14 £. 


Scarborough 


England 


54 21 N. 


18 W 


Scaw Light 


Denmark 


$7 44 N. 


10 Z7 E;' 


Schelling 1. 


United Pror. 


53 17 N. 


5 7 E. 


Schiraua 


Cap. of Persia 


29 40 N. 


54 30 E.» 


Scillylslea 


English Channel 


49 56 N^ 


646 \^ 


Sedan 


France 


49 42 N. 


4 57 E. 


Senegal 


Africa 


15 53 N. 


16 21 W. 


Slam 


India 


14 18 N. 


100 50 £. 


Smyrna 


Katotia ^ 


38 28 N. 


27 20 £. 


Southampton 


England 


50 5S N. 


1 5 W. 


Start Point 


England 


50 9 N. 


3 51 W. 


Stockholm 


Sweden 


59 21 N. 


18 4 £. > 


^Stockton 


England 


54 41 N. 


1 9 W- 


Strasburr 
Stralsund 


France 


48 5 N. 


7 45 E. 


Germany 


54 23 N. 


14 10 £« 


iSuez 


Africa 


29 50 N. 


33 27 R 


Surat 


India 


21 ION. 


72 22 E. 


Surinam 


S. America 


6 30 N. 


',55 30 W. 


Swansea 


Wales 


51 40 N« 


4 30 W- 


Syracuse 


IsleofSicUy 

T. 


37 4 N- 


15 31E. 


Tamarln Towli 


Isle of Socotra 


12 30 N. 


53 9 E. 


Tani^er 


Coast of Barhaxy 


35 SS N. 


5 45 W. 


Tarento 


Italy 


40 43 N. 


17 31 E- 


Tenedos I, 


Archipelago 
Canary Islands 


3« 57 N. 


26 14 E. 


TenerifTe (Peak) 


28 13 N. 


16 29 W. 


Tercera I. 


Azore Islands 


38 45 N. 


27 6 W. 


Texel I. 


United Provinces 


53 10 N. 


4 59 E. 


Thionville 


France 


49 21 N. 


6 10 £• 


Tobolks 


Siberia 


58 12 N. 


68 25 E. 


Tobago I. 


Caribb.Sca 


11 15 N. 


60 27 W. 



J 



XrOVGlTUBSft or PXACES* 



Md 



Jf.afne9 ff HatH* Cwntr^ ir ^a* JA»titude9. Zcngkudu 



Toledo 

Tomsk 

Torbay 

Tornea 

Toulouse 

Trieste 

Trincomale 
Tripoly 
l^roycs 
Tuno 



IJliateah 
Upsal 

Traniburgh 

rshant L. 

/alenciennes 
Valencia 
Vannes 
Venice 
Verra Cruz 
Vepd (Cape) 
Verdun 
Verona 
Versailles 
Vienna (Obser.) 
Vigo I 
VincentCCspe)^ 
yintimiglia 
Virgin Gorda 



Wakefield 

Wardhuys 

Warsaw 

Washinc^tOQ 

Wexford 

Weymouth 

Whitehaven 

Wilna 

Wittenburg 

Worcester 

Wutzburg 

Wy)>urg 



Yarmouth 

York 

York (New) 

YoughaU 



Spain 

Siberia 

English Channel 

JUapland 

France 

Adriatic Sea 

Isle of Ceyloft 

Barbary 

France 

Piedmont 

U. & V* 

Society Islands 

Sweden 

Denmark 

Coast of Fnnee 

France 

Spain 

France 

Italy 

Mexico 

Afiica 

France 

Italy 

France 

Austria 

Spain 

I^y 
West Indies 

w. 

England 

I^apland 

Poland 

N. America 

Ireland 

England 

England 

Pound 

Germany 

England 

Germany 

Russia 

England 
England 
K. America 
Ireland 



39 50 N. 
56 30 N. 
50 33 N. 
65 51 N. 
43 36 N. 
45 51 N. 
8 32 N. 
32 54 N. 
48 18 N. 
45 4 N. 



16 45 S. 
59 52 N. 
55 54 N. 
48 28 N. 
50 21 N. 
39 30 N. 

47 39 N. 
45 26 N, 
19 12 N. 
14 45 K. 
-49 9 N* 
45 26 N. 

48 48 N. 
48 12 N. 

42 14 N. 
S7 3 N. 

43 53 N. 
18 18 N* 



53 41 N. 

70 23 N. 
52 14 N. 
38 53 N. 
52 22 N. 
52 40 N. 

54 25 N. 
54 41 N. 

51 53 N. 

52 9 N. 
49 46 N. 
60 5S N. 



52 55 N. 

53 59 N. 

40 43 K. 
51 48 N. 



3 20 W. 
84 59 £. 

3 42 W. 
24 12 £. 

1 26 £. 
14 3rE. 
81 11 £. 
13 5 £• 

4 5 £. 
r 40£. 



151 31 W. 
17 42 E. 
12 52 E. 

5 4 W. 

3 32 £.. 

40 W. 

2 46 W, 
12 4 E. 
97 SO W. 
17 33 W. 

$ 23 £.: 

11 18 £. 

2 7 E. , 
16 16 £. 

8 28 w; 

8 59 WJ 

7 37 E. ! 

64 Ww 



1 33 W. 
31 7 E. 
21 OE. 
77 43 W; 

6 30 W. 

2 34 W. 

3 23 W. 
25 27 E. 
12 44 £. 

2 W, 
10 14 £. 
30 20 £. 



1 40 £. 
1 7 W. 
74 10 W. 
8 6 W, 



f ' 
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An Alphabetical List of t/te Constellatims^ 'tt^slA-tXr 
Kiffht Ascension (R*J and Declination (D.J oj the 
middle of eachy Jor the ready finding them on t& 
Globe* 

N.B. The Rotnui character9 in tbe left hand oohimns refer to U* 
bles I, H, ill, IV, V, VI, and VII, at pag^s ^3, 24, 25, and 3^ 
where the EngHsh names of the cunstellations hfe given, tog^t^- 
er with tbe number of stars in each, and tfie names of tbe princi- 
pal btars : Tiie leUer N or S, immediately following the Hsime of 
ttie constellation, shews whether it be north or south of the zod- 
iae I if the constellation be situated in the zodiac it has tbe let- 
ter Z annexed to it. N and S in the column marked D, point out 
whether the middle of tbe constellation has north or south da- 
elination* . ' 



n. 

VII. 

1 
11. 

Vll. 

1. 

VII. 

III. 

IV 

III. 

VI. 
IV. 

I. 

VI. 
V. 

I. 

IV. 

IV. 

VII. 

IV. 

V. 

III. 

VII. 
VII. 
VI. 

III. 

IV. 
VII, 

III, 

VI. 

VI. 

VII. 

IV. 

III. 
vu. 

IV. 



Andromeda, ^. ^ 

Antinous, N. 
Apus, yel Avis Indies, S. 
Aquarius. Z, 
Aquila. N. 
Ara. S. 
Aries. Z. 
Argo Navis. S. 
Asterion et Chara. N. 
Auriga. N. 
Bootes. N. 
Brandenburgium Sceptrum. 
Cameleopardalus. N. 
Cancer. Z. 
Canis Major. S. 
Canis Minor. S. 
Capricomvis. Z. 
Caput Medusc « 

Cassiopeia. N. 
Centaurus. S. * 
Cepheus. N • 

Cetus. S. 
Cerberus. N. 
Chamoeleon. S 
Circinus. S. 
Columba Noaehi. S. 
Coma Berenices. N. 
CorCaroli. N. 
Corona Australis. S. 
Corona Borealis. N. 
Corvu's. S. 
Crater. S, 
Crux, • S. . 
Cygnus. N. 
I>elphiniM. N. 
Dorado or Xiphias S. 
Draco. N. 



<M^ 



■WMMa 





I R. 


D; 






14 


34 n: 






292 


' 




, 


252 


75 S. 






335 


4 S. 






295 


b : . 






255 


55 S 






SO. 


22 N. 






115 


50 S. 






200 


40 N. 






75 


45 N. 






212 


20 n; 




s. '. 


67. 


15 S. 




• 


\ 68 


ro ^. 






12a 


20 >r/ 






105 


20 5.* 






110 


5 N. 






.*?10 


20 S. 




• 


44 


40 ^^. 






12 


60 N. 






200 


50 s; 






338 


6S N. 




« • 


25 


12 S. 






2n 


22 K. 




.- , 


17S 


7» s, 


V 




222 


64 S. 






85 


35 s. 




• ' , 


185 


26 N. 






191 


39 N. 




. , • 


278 


40 & 






235 


30 N. 




* ♦ 


185 


15 S. 






168 


15 S. 






183 


69 S. 






30S 


42 K 






308 


rs K 






7S. 62 s. 




♦ 


270 66 N. 





xivr OF 



»4Sl 



mm 



n. £qu«les, N. 

VII. Equufeqs Pictorius. S. 

V. EHdanu*. S. 

VI. Fornax Cheinica. S. 
^ X. Gemiiii. 2. 

VII. Grus. a 
ni. Hepctries. N. 

Vll. HoFologiuin. S. 

J V. Hydra. §. 

VIL Hydrus. S 

VII. Indus. S. . 

rV. Laccita. N. 

I. Leo, or Leo Major. Z, 

m. Leo Minor. N. 

,VI. Lepus. S. 

I. Libra. 2. 

VII. Lupus. & 

IV. Lynx. N. . 
III. lyra. N. 
VI. Machina Pneumatica. 3, 

VI. Microscopium. S. 
V. Monoceros. S. 

II. Mons Mxnalus. N. 
Vn. Mons Men St. S. 
IIL ^Jusca. N. 
VIL Musca Australis, vel Apis. S. 

VII. Norma, vel quadra EucUdis. S. 
VII. Octans Hadleianus. S. 

VI. OfBcina Sculptorice S. 

V. Orion. S. . 
VII. Pavo. S. 

III. Pegasus. N. 

IV. Perseus. N. 
VII. Phoenix. S. 

I. Pisces 2. 

VL Piscis Notius, vel Australis. S. 

VII. Pisces volans. S. 
VII. Praxiteles, vel cela Sculptoria. S. 
VL Pyxis Nautici<. S. 
VII Reticulus Rhoniboidalis. S 
VIL RoburCaroli. & . 

I. Sagittarius. 2; 

IIL Sagitta. N. 

V. Sextan;. S. 
Scorpio. 2. 
Scutum Sobeiski. S. 
Serpens. N. 
Serpentarius. N. 
Taures. 2. 

Taures Poniatowski. N. 
Telescopium. S. 
Touchan. S. 



R. 

316 

84 

60 

45 

111 

330 

255 

40 



5N. 
55 S. 
10 S.. 
30 S, 
32 N. 
45 S. 
22 N. 
60 S. 



13&. 


as. 


28 


68 S. 


315 


55 S. 


336 


43 K. 


150 


15 N- 


150 


35 N. 


80 


18 S. 


226 


8 S. 


230 


.45 S. 


111 


50 N. 


283 


38 N. 


150 


32 S. 


315 


S5 S. 


110 





225 


5 N. 


76 


72 S. 


40 


27 N. 


185 


68 S. 


242 


45 S. 


310 


80 S. 


3 


38 S. 


ao' 





302 


68 S. 


340 


14 N. 


46 


49 N. 


10 


40 S. 


5 


10 N. 


335 


30 S. 


127 


68 b. 


68 


4t S. 


130 


3l S. 


62 


62 S. 


159 


50 S. 


285 


35 S. 


295 


18 N. 


5 





244 


26 S. 


275 


lo b. 


235 


lo N. 


260 


13 N. 


65 


16 K. 


275 


7N. 


278 


50 5. 


359 


66 S. 






LIST or COirSTBLLATIOllS. 



im. 
■ni. 
vn 

IV. 
IV. 

I. 
in. 
vn. 



Triangalain. K. 
Triangulam Aiutndef. & 
Trianguliuii Miaiii. K< 
Una Majm, N. • 
UrM Minor. N. • 
Virgo. Z. 

Vulpecula et Anser. N. 
XipBias. S. 




0. 
32 N. 

65 & 
38 N. 
60 N. 
75 N. 
195 \ S N. 
25 N.I 
62 S. 



FINIS. 
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